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HE year 1948 marks the beginning of the 
reign of the new king of instruments on the 
throne of Palomar Mountain, California. 
Meanwhile, the royal predecessor, trapped on 
Mount Wilson near Los Angeles but still carrying 
on bravely over a flood of harrying light spilled out 
from the city, has already written into the history 
‘of human thought one of its major chapters. In its 
soff-the-world affairs and speculations, the twen- 
tieth century is being dominated by two telescopes 
fand in my opinion the newest of these will be 
fortunate indeed to match the other by the yard- 
stick of over-all accomplishment. 
_ Nevertheless, the astronomical age now starting 
is one of justified optimism. Even the more 
thoughtful members of the human race, deadened 
sas they are to the scientifically marvelous by hav- 
Sng seen, in pictures at least, the very pillar of 
flame that dramatized the birth of the atomic age, 
Jawait with calmness the first authentic report about 
n unexplored region some seven times larger than 
the present known universe. Surely this should be 
news of more than passing moment, even on such 
crowded and self-centered planet as ours! 
» The time seems propitious, therefore, to set the 
Stage for the interested onlookers. If we are to be 
repared properly for the astronomical revelations 
Fikely to be forthcoming, we must have at least a 
ough understanding of those that have gone be- 











ore. As befits the importance of the occasion, sev- 
ral articles dealing with some aspects of the un- 


folding story have already appeared. None of these, 
naturally, has exhausted the subject ; and most of 
them seem to have plunged into the what-to-expect 
part of the discussion before the lay reader has had 
time to adjust his mental sights to the cosmic pic 
ture that is already before him. It will be a major 
aim of this article to convey to the reader 
conception not only of the universe as it now stands 
revealed, but also of the tremendous change in out- 
look that has taken place between two world wars. 
And perhaps those last two words will explain in 
part the strange fact that few among the well-read 
people of this earth have the faintest idea why 
1924 is one of the most important dates in the his 


some 


tory of science. 

Our discussion will be divided into three parts: 
The first will deal with the new telescope itself; 
the second and largest division will be concerned 
with the developing picture of the universe, which, 
has swelled to new dimensions in my 
great in- 


incidentally, 
own lifetime and has culminated in the 
strument now almost ready to make the 
largement ; the third and final part will discuss the 
typically cautious predictions, made by the qualified 
with ref- 


next en- 


astronomers who will carry on the work, 
erence to the nature of the new things the telescope 
may reveal. I reserve the privilege, however, of 
supplementing these reasonably reliable forecasts 
with some less trustworthy speculations of my own 
(duly labeled as such) made in the light of my 
personal version of the major facts in hand. 





Vount Wilson Observatory 
THE 100-INCH TELESCOPE AT MOUNT WILSON 
UNTIL 1948, THIS WAS THE LARGEST REFLECTING TELESCOPE IN THE WORLD. 
The grant was for the construction of a reflecting 
telescope with an aperture of 200 inches, to 
built somewhere in the West Coast area. 

The very conception of this plan, as a matter 
fact, was more daring than it may appear in off 
hand retrospect. For the intricate engineer! 
problems involved in the details of mounting ; 
operating an instrument which combines the n 


THE spectacular success of the 100-inch tele- 
scope (of which we shall have more to say) re- 
sulted not only in a revolutionary new outlook on 
the universe, but also in an idea in the mind of 
one man that may prove to be of equal or greater 
importance. That man was the astronomer George 
Ellery Hale, and the idea was that of a telescope 
that would dwarf even the giant reflector on Mount 
Wilson. In 1928 the idea bore its first tangible 
fruit in the form of a six-million-dollar grant to the 
California Institute of Technology by the General 
Education Board of the Rockefeller Foundation. 


siveness of a locomotive with the delicacy of a w1 


watch are such as to make the addition of a 
inches in the diameter of a projected telesc 
murror a matter for concern, long study, and tecl 
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al ingenuity. But here the step-up was not of inches, 


it of vards! Here was the first call, 
is yet to be supplied, for a mirror with four time 
he light-gathering power of the 
ve then existing 


uughly twice as far away as the most distant ones 
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one able to reach gal 


et recorded, and therefore to bring into the realm 
i the explorable an approximate sphere of spac 
about seven times as large as that now known to 
nian. 

It is clear, then, that the task of designing and 
building a telescope of such unprecedented propor 
tions was one not to be taken lightly. In fact, the 
very length of time involved in making the dream 
come true bears testimony to the unexpected prob 
lems that were met and overcome in the twenty 


\ ear-long epic of trial and error and vexing delay 
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THE SKY 


FEATURES OF THE NEW TELESCOPE, MINUS THE GREAT MIRROR, WHICH HAD BEEN 
INSTALLED. AT THE UPPER LEFT IS THE CYLINDRICAL TUBE CONTAINING THE PRIME FOCUS. IN WHICH. FOR HE FIRST 
TIME, THE OBSERVER RIDES WITH THE TELESCOPE. Left cente? MOVING PLATFORM FROM WHICH H LIMI ( i P T 
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Mount Wilson Observatory 
CORONA BOREALIS CLUSTER 


A FEW OF THE HUNDRED MILLION GALAXIES THAT THINLY 
PRICK THE BLACKNESS IN THE PART OF SPACE THAT IS NOW 
REACHED BY THE 100-INCH TELESCOPE AT MOUNT WILSON. 


son, of the Mount Wilson staff, has been in charge 
of the project from the start, and there has been 
excellent cooperation among the scientists con- 
cerned. In fact, it has been agreed by the directors 
of Carnegie Institution, which sponsored the bold 
adventure in applied science at Mount Wilson, and 





Boyden Station, Harvard Colleye Ubservatory 
SMALL MAGELLANIC CLOUD 


EXPLORER, THIS SEEMINGLY DETACHED 

PORTION OF THE MILKY WAY IS EASILY VISIBLE TO THE 

NAKED EYE FOR OBSERVERS IN THE SOUTHERN HEMISPHERE. 
IT IS, HOWEVER, ABOUT 80,000 LIGHT-YEARS AWAY. 


NAMED AFTER THE 





of “Cal Tech,” which received the Rockefeller gr: 


that the operation of the two great observator 
should be a joint venture in research under a c , 
mon director. That highly responsible position " 
now been filled by Dr. Ira Sprague Bowen of ( — 
Tech, a physicist and astronomer whose spec evel 
field of “extreme ultraviolet spectroscopy and n« cals 
ular spectra” carries a strong hint of the type as 
investigation that will most certainly be stress Be 
There is not space here for the whole lengt Pee ‘t 
story of trial and frustration; of how, six ye: ce wm 
after the project started, at a time when it was “~ 
have been well along toward completion, the hu; vill be 
glass disc was finally poured at Corning, N¢ th 
York, only to break in its mold. Two years late: i 
the successful Pyrex slab, weighing 14.5 tons re 
spite of its ribbed and hollow construction, bega rt 
its carefully routed journey to the laboratory Bd 
Cal Tech. There it was ground, tested, polished, r nie ro 


tested, and repolished, in what seemed to be 
interminable quest for perfection. From 1942 t 
1945 the war called a complete halt, and then tl 
polishing began anew. Finally, in the late months 
of 1947, the mirror was pronounced satisfactory, 
which meant that it missed parabolic perfection, in 
the roughest spots, by something less than a mil 


conceal 
side lig 
some | 


learned 


lionth of an inch. 

In the meantime, the long-sought site for the 
telescope and housing observatory had been agreed 
upon. Long before the last soft strokes were ap- 
plied to the oversized jewel in Pasadena, prepara 
tions for its setting were complete on Palomar 
Mountain, which is a huge, flat-topped geologic 
block 127 miles to the southeast. A tw 
million-dollar highway, 6.5 miles long, had been 
built along the side to the summit under the super 
vision of experts from San Diego, about 45 airline 
miles away. Now the beautiful dome of the observ- 
atory proper was complete, and so was the colossal 
telescope, except that a concrete slab still did bal 
ancing duty for the piece of glass on whose pet 
formance rested the whole fate and fame of the 
Palomar project. It is true that other astronomical 
work with other instruments was carried on in the 
far-from-idle community, which, incidentally, r 
quired a dormitory and seven cottages to house its 
personnel; but to the interested public, at least, 
nothing that mattered much could happen in a‘ 
vance of the Great Moment. That moment, 
course, as envisioned by the more naive, wou 
occur when, with the great mirror in its appoint 
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geo wigiigane 

place, the slit of the dome would open majest TYPES 

cally and some wide-eyed scientist, Adam’s ap} SE ARE 

“: 7° ° ‘ ONE CONS! 

aquiver, would press his eye to the magic cir¢ eacigieiting 
and shout excitedly at the marvels there reveale PART OF 
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is perhaps a pity that such a dramatic climax, 
the long years of preparation, could not con- 
ently be arranged. Long before the dedication 
monies the epoch-making First Glance was 
probably diluted and deglamorized in the course of 
ral months of routine adjustments. Doubtless 
nany have read that the 200-inch telescope is ac- 
tually just a huge camera through which the work- 
ing astronomer will seldom glance directly, and 
that its precious time will be devoted primarily to 
the study of distant galaxies. This is true, and yet 
not the whole truth. There is no optical law that 
will bar the use ot the simple observing ey epiece, 
and there is probably no ethical code for astron- 
omers and opticians that will prevent someone from 
taking an unofficial peek at even such an unworthy 
object as the moon. Perhaps, therefore, we can save 
a smudged corner of the romantic picture after all. 
Probably the First Peek, spiced with a bit of well- 
concealed excitement, has already gone into the 
side lights of history ; and it even seems likely that 
feminine savant has 


some strategically placed 


learned by now what the New Look really means. 








Vount Wilson Observatory 


TYPES OF NORMAL AND BARRED SPIRALS 


THESE ARE THE LARGEST KNOWN STRUCTURAL UNITS, EACH 
ONE CONSISTING OF MILLIONS OF SUNS. ABOUT ONE HUN- 
DRED MILLION OF THEM ARE SCATTERED THINLY IN THI 
PART OF SPACE REACHED BY THE 100-INCH 


TELESCOP! 
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Bouden Station, Harvard Colleye Observatory 
LARGE MAGELLANIC CLOUD 


THOUGH SMALLER THAN OUR GALAXY AND NEAR ENOUGH TO 


BE CALLED “SATELLITES,” BOTH MAGELLANIC CLOUDS ARE 
PROBABLY INDEPENDENT GALAXIES. THEY ARE OF THE SO 
CALLED IRREGULAR TYPE, THOUGH A HINT OF THE RELATIVELY 


RARE BARRED SPIRAL FORM MAY BE DETECTED HER 


And now, before we turn to the second phase of 
our story, let us take a peek of our own at the site 
of the unfolding drama, and at the mighty instru 
ment that will play the leading role. 

Why Palomar? In the first place, the mountain 
is not too far away from Pasadena and the inter 
ested scientists at Cal Tech and Mount Wilson. Of 
course, the site must be relatively high and in a 
predominantly dry, clear, calm atmosphere. Ac 
tually, the base of the telescope is 5,600 feet above 
sea level; and the air, which tends to cloud up and 
swirl about a sharp peak, is quiet on the broad, 
tree-covered top of Palomar. Then, too, the single 
mountain block is off to one side of the geologic 
fault where earthquakes are most common. Finally, 
it was desirable that the unreachable cone in space 
that surrounds the south celestial pole for observers 
in northern latitudes be reduced in size as much as 
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possible; for that reason it was fortunate that t 


ideal location was rather far to the soutl 
As for the telescope itself, the bald figures in 
volved are probably feeble substitutes for the actual 
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sight of it. If, however, one tries to visualize a dis 


of glass which, with the sheathing around it, towers 











vertically across two stories of a six-story building, 
and then pictures this as the moving end of a 
swinging, steel-girdered tube which, when upright, 
reaches to the top of this building, he may get a 
little of the feel of the proportions involved. Ton- 
nage means little, but it may be worth recording 
that the telescope weighs 1,000,000 pounds alto- 
gether, of which some 280,000 pounds, or the 
weight equivalent of a healthy locomotive, are bal- 
anced so delicately that they move under gentle 
pressure. As in all large telescopes, the mounting is 
of the so-called equatorial type, which permits 
smooth, automatic, clock-driven following of a 
given celestial object. A less usual feature, however, 
is the horseshoe-shaped construction of the north 
end of the polar axis. This axis runs parallel to 
that of the earth, and in the case of the 100-inch it 
bars access to a limited region around the north 
celestial pole. The 200-inch, swinging northward 
inside the huge horseshoe, can point at the pole 
star and its neighbors at will. Thus, the new giant 
will have the advantage of a greater northern as 
well as southern reach in available area for study 
as compared with its nearest rival, in addition to 
its well-known advantage in the matter of space 
penetration. And when we consider the mighty 
deeds of the deposed champion eye of the world, 
made without the technical refinements of the past 
three decades, the prospects for new conquests by 
the favored successor look bright indeed. 


THE accelerated tempo of events on earth, in the 
span of years between two world wars, has been 
more than matched in the realm of ideas. In physics 
and chemistry, the universe of the minute has been 
unlocked for all to marvel at, and the whole world 
knows of the atomic bomb. In astronomy, the steps 
have been equally gigantic ; but the advertising de- 
partment has fallen down on the job, and the man 
in the street—even the supposedly well-informed 
one—has had little inkling of the things that were 
going on inside the nonpractical heads of the star- 
gazers. He would be surprised, and probably skep- 
tical, if he were told that in his own lifetime, and 
in part at least through the agency of the 100-inch 
telescope, an Age of Revelation has torn away a 
major veil from the face of the universe itself. 

He knows about the intellectual revolution sym- 
bolized by Copernicus the thinker and Columbus 
the actor some four and a half centuries ago, when 
to an ever-swelling group of knowing ones the 
stationary earth rounded into a spinning bail, and 
the near-by stars, now stilled in their “crystalline 
sphere,” moved backward and outward into space. 
Those were the stirring days when the early giants 
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of modern thought, from Galileo to Newton, b 

to roil the waters of complacent stupidity with s 
inighty splashes that even the slumber of 
masses was disturbed. This is history ; and th 
moderately well known. But how many realize : 

a mere quarter of a century ago, in the age of { 
pers, gangsters, and diamond-studded pocket fi: 
—during, in fact, the course of a single year or 
centering about 1924—quiet announcements wer 
being made that deserved to ring out in the w 

of science like the notes of a cosmic bell. One of 
two or three great hours of human awakening can 
and passed; and then Coolidge did not choose t 
run, the stock market crashed, and the dying echoes 
of a scientific rumor, little heeded at any time, fad 
away at the sound of footsteps in the bread line, 
of the world. 

Perhaps this sounds like journalistic exagge: 
tion rather than an attempt to evaluate the even 
described in careful and precise language. It is tru 
that there has been no restraint, and that [ hay 
used all the emphasis at my command to call at 
tention to one of the greater moments in the history 
of human thought. Is this an unwarranted pose 
an overrating of one discovery among a doze 
others of like importance? Let us see. 

At this point the injection of a personal not 
imay help to bring full realization of the change o/ 
outlook that has taken place in one lifetime. Ti 
make it clear, however, that my judgments are in 
personal and objective, let me say at once that | 
have been merely an interested nonprofessiona 
observer in this field, and am speaking as a reportei 
rather than as one who has had even the tiniest 
roles in the drama itself. 

In 1916, when as an undergraduate at the Uni 
versity of Minnesota I was absorbing the current 
picture of the universe about me, the scene was vast 
even then, though perhaps a bit dismal. Well do | 
remember the stirring feel of distance and empt 


ness and a far-flung universe of suns—of remote, | 
solitary, and majestic orbs which were like the} 


sands of Sahara in number, but which faded in th 


farther zones to sparks in silhouette against th 
blackness of engulfing space. For here was the ce! 

tral fact of the universe as it then was known: th 
ranks of the stars were thinning as inen plumbed 
the outer reaches of space. Black holes in the Milk) 
Way served as windows through which we could 
look outward and into the void. It was not alto 
gether a pretty picture. 

These were the facts of observation, though 1 
is not to be inferred that no one suspected the 
grander view that was to come. Already a number 
of fine photographs of the so-called spiral nebulae 
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been made, particularly by Keeler; and there 
- those who argued that the spirals were them 
es great systems of suns like the stellar horde 
we see from the inside as the Milky Way. The 
-hless modern observer, E. E. Barnard, who 
photographed the Milky Way and described it 
heatitifully, believed correctly that the apparent 
holes were not windows at all, but dark patches of 
intervening cosmic dust which blotted out most of 
the light from the stars beyond. 
still just theories, and for all anyone knew the 
spiral nebulae were like the other huge blobs of 
rocks and dust in which some of the stars are sus 
pended. In fact, the very name “nebula,” or “cos 
mic cloud,” testifies to this point of view. They 
could be of the order of size of the Great Nebula 
in Orion, which is only ten light-years, or some 


Jut these were 


sixty millions of millions of miles, in diameter. 
They could be mixed with, and lighted by, some 
of the stars in the one observed system, though 
certain peculiarities in their distribution made this 
conclusion seem doubtful to some. Nevertheless, 
the one great generalization of the day, which came 
out of patient observation and keen deduction, was 
that of the ultimate exhaustion of the starry horde 
in the distance. This, in the larger aspects, was the 
state of astronomical science in the first two dec 
ades of the twentieth century. 

What happened then? We must skip most of the 
details; but one significant event was the building 
of a reflecting telescope with an aperture of 100 
inches, at Mount Wilson, California. Another was 
the more or less casual observation that a certain 
type of variable star called a “Cepheid” (so named 
from the constellation in which one appears) gives 
away its distance as compared with fellow-Cepheids 
ina very simple manner. This particular type of 
star changes in brightness at regular intervals, and 
the longer the interval between “winks,” the 
greater is the actual or intrinsic brightness of the 
star. This observation was made by Miss Henrietta 
Leavitt, of Harvard Observatory, with regard to 
the Cepheids in the smaller Magellanic Cloud, a 
seemingly detached portion of the Milky Way, vis- 
ible in far southern skies, whose stars are all 
roughly the same distance away. Later, this very 
important “period-luminosity relation’? was con- 
firmed and extended in a program which involved 
many observatories and astronomers, and for which 
Dr. Harlow Shapley deserves much of the credit. 
The suns involved were giant ones that could be 
Seen as individuals at tremendous distances. The 
links in the chain of evidence were being forged. 
And then, late in 1924, the pieces of the jigsaw 
July 1948 





Mount 


Wilson Observaiory 


TWO VIEWS OF JUPITER 
Top: Marcu 15, 1921, wItTH GANYMEDE AND SHADOW; 
bottom: MAY 29, 1922. (100-INCH HOOKER REFLECTOR) 


puzzle came together and the new cosmic picture 
stood revealed, consistent in outline, grand in con 
tour, and surprising] indisputable, once 1t was 
seen. 

The deciding factor was the new high in resol\ 
ing power reached by the then recently completed 
100-inch telescope. This technical term, inciden 
tally, means the measure of a telescope’s ability to 
show as separate individuals two stars that are 
optically close together. The larger the diameter of 
a telescope, the greater its resolving power. On a 
Mount Wilson photograph of one of the larger 
spirals in area, and therefore presumably a nearer 
one, some individual stars were resolved in the 
fringes away from the center. Some of these in 
turn were Cepheid variables whose distances could 
be determined. The cat was out of the bag. They 
were nearly a million light-years away! The Great 
Nebula in Andromeda differed from the gaseous 
cloud in Orion as a forest fire differs from the blaze 
of a match; all by itself it was a vast stellar system 
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like the only one we had known. The island-universe 
theory was now demonstrated truth, and some 
hundred million galaxies comparable with our 
Milky Way stretched outward to the borders of 
telescopic sight. The universe according to man’s 
understanding had exploded into a new order of 
size. 

Have I then exaggerated the importance of the 
intellectual revolution of 1924? It does not seem 
that the 200-inch telescope 
times as much observable 


so to me. Remembering 
will give us only eight 
space for study as we had before, we should be 
warned not to take for granted new revelations of 
the order of those that already have come in our 
lifetime ; and at the same time we should be made 
somehow to realize that it was the 100-inch tele- 
scope that played a crucial part in bringing to pass 
the modern age of miracles in the field of science. 
Certainly only one other development of our time 








is comparable at all with the discovery of 1924 
practical consequences, the release of atonuc pi 
is of course much more important; but from 
point of view of pure science and of sudden ac 
of knowledge, the two great events are probal 
the same order of magnitude. 

And now let us consider the astronomical pict 
as oi today, as the 200-inch giant moves into 


¢ 


scene. As in the previous description of the ast1 
omer’s view in 1916, we shall glance only at 
high lights of the scene, now vast beyond all 
agining. There are exactly two of these outstand 
all-encompassing features; and there would p1 
ably be little argument among the astronomers \ 
the world as to what they are. It is only whe: 
turn to the innumerable details that difference 
opinion begin to appear. 

Fact No. 1 is that in the approximate spher 
observed space there is uniformity in the larg 


THE GREAT NEBULA OF ORION 


FEW PICTURES TAKEN ON OUR PLANET CAN RIVAL THIS ONE FOR SHEER MAJESTY. HERE THE DUST AND DEBRIS 

EXCITING REGION ARE BATHED IN THE LIGHT OF ENVELOPED SUNS. THOUGH VAST BEYOND ALL IMAGINING (PERHA 
LIGHT-YEARS IN DIAMETER), IT IS AN INSIGNIFICANT DETAIL OF OUR GALAXY. 
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Vount Wilson Observatory 


PART OF THE GREAT NEBULA OF ANDROMEDA 


ONE END OF THE FAMOUS NEBULA, WHICH IS 
AS A NEAR NEIGHBOR IN DISTANCE. THIS VIEW 


Galaxies are no more and no less numerous near 
the rim than they are at the approximate center, 
say, within the small globe containing no points 
more than fifty million light-years from the sun. 
But our use of that casual figure instead of, say 
five million light-years, is not at all accidental, 
since the latter choice would have named a sphere 
containing a local condensation of galaxies. It is 
as if a giant hand had reached in among the pin- 
wheels of space and pulled them, here and there, 
into more or less isolated flocks, leaving the larger 
scale distribution unchanged. And the uniformity 
applies not only to the grosser features of mass and 
structure, but also to chemical composition, as we 
learn through the magic of the spectroscope. The 


Say, 


# universe of the 100-inch telescope is one grand 


unit; and this basic generalization of twentieth 
century astronomy should be kept in mind when 


| the new picture begins to unfold. 
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A NEAR RIVAL 
SHOWS SOMI 
NESS GAVE AWAY ONE OF THE GREAT SECRETS OF THE 


OF OUR OWN GALAXY IN SIZE (THOUGH 


AGES. (TWO HOURS’ 


SMALLER), AS WELL 
INDIVIDUAL SUNS WHOSE VARIATIONS IN BRIGHT- 
EXPOSURE, 100-INCH TELESCOPE. ) 


OF THE 


Fact No. 2 is the mysterious phenomenon vari- 
ously described as “the red shift” or ‘the expand- 
with the so-called 
Doppler effect, which changes the number of v1 
that 


ir receding body 


ing universe.” It is concerned 


brations per second reach us from an ap- 


In the case of 


proaching sound, 
this makes the pitch of the whistle blast trom an 
approaching locomotive higher than it is when the 
train moves away. In the case of light, it causes the 
lines in the spectra of stars to be shifted toward 
the red or the violet end according as the source 
of light is going away from or coming toward the 
recording spectroscope. And for the visible universe 
as a whole, the message of this instrument is a most 
astounding one. Apparently, the farther away a 
given galaxy is, the faster it is moving outward 
at all 


At any rate, the indisputable observed fact is this: 


into space! Or perhaps this is not the casé 
the farther away the galaxy, the more the lines in 
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its spectrum are moved toward the red. And if this 
shift is explained as it is in the case of relatively 
near stars, for which the interpretation in terms 
of radial motion is almost certainly correct, it 
would mean that a fantastic and almost unbeliev- 
able situation is revealed by the evidence. It would 
mean that some two billion years ago—which is to 
say, practically yesterday as the life spans of suns 
are reckoned in the best astronomical circles—an 
explosion took place in the universe that must have 
surpassed even a Cecil B. de Mille spectacle. The 
fastest moving clouds, or galaxies, are naturally by 
now the farthest away. The whole thing is im- 
plausible to the nth degree, utterly absurd, utterly 
ridiculous ; but there it is. 

Here, then, is fact No. 2 about things as a whole ; 
and the fact is the prime mystery of the age. The 
available explanation in terms of known principles 
of science leads to the uneasy conclusion that the 
universe is fading away into endless reaches of 
nothing at all. I for one am not ready to go along 
with this thesis. I feel much more friendly to the 
idea that somewhere in the woodpile of theory 
dignified by the name of the expanding universe 
there is a very large and very obnoxious Ethiopian, 
but of course this is a purely personal reaction, 
Fortunately, the time is coming when no one will 
have to rely upon such dubious guides as our own 
hunches about the fitness of things. 

Before leaving the picture of the observed uni- 
verse as it now presents itself, we should perhaps 
mention one important but secondary item of in- 
formation. As of 1916, the grand orbit of the sun, 
if any, about some more massive body, if such there 
were, was totally unknown; and I remember that 
the quest for such information was considered 
practically a hopeless undertaking. Today, the facts 
on this point are fairly well established: the orbit 
(not to be confused with the twelve-miles-per-sec- 
ond local movement of the sun with reference to 
neighboring stars) is a grand ellipse some seventy 
thousand light-years across ; the massive attracting 
body is the sum total of suns and matter in the 
heart of our Milky Way galaxy; our speed in this 
cosmic Derby is of the order of two hundred miles 
per second ; and the period of revolution is roughly 
—very roughly—some two hundred million years. 
Thus has science progressed in some thirty short 
vears! Of course, fact No. 1 is still grand-scale 
uniformity, and fact No. 2 is apparent outward 
motion; but this lesser fact has also some large- 
scale aspects. The spectroscope shows that other 
galaxies, too, are making giant revolutions. The 
stars, like our sun, and the planets, like our earth, 
share this type of motion, as perhaps do the elec- 
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trons about their protons and neutrons, and sor 
still smaller unknowns about the nuclei of 
guessed subatoms. Truly, on any scale, we live 
a whirling universe. 


Wirth this background in mind, it should not 
hard to see what are the primary questions that t 
new telescope will answer, or at least cast new lig 
upon. They have to do chiefly with the nature 
the enlarged universe as a whole, since the tas! 
for which the big mirror is best fitted is not that oi 
magnifying objects such as near-by planets. A 
tually, its main job will be that of gathering lig 
from suns and galaxies too far away, or at least 
too faint, to be studied well with other instruments 

With regard to the first observed fact that the 
universe is one spread-out unit, the basic question 
is simply: “Is this a true sample?” If the answer is 
“No,” the telescope may settle the matter ; if “Yes,” 
the best it can say is “Maybe,” or “So far, it ap 
pears to be.” In any case, the answer is likely to 
come slowly, based as it will have to be, upon pa 
tient, statistical investigation. The answer it gives, 
moreover, is tied up with the second main fact 
concerning present astronomical knowledge, with 
its inevitable accompanying question: “Is the uni 
verse really expanding ?” 

Here we are on somewhat more optimistic 
grounds, at least with regard to the likelihood of a 
positive answer. Indeed, Professor E. P. Hubble, 
whom many will regard as the leading authorit) 
in this field, has reached such heights of confidence 
that he has, so to speak, put himself out on a sci- 
entific limb. He predicts rather flatly that the new 
telescope will give a definite answer. By that he 
means “ultimately,” of course—not necessarily in 
1948. For, whether the cause of the red shift be ac 
tually a flying away of the galaxies—and “flying” 
is an understatement—or a change in the quality 
of light due to “travel-fatigue,” the added reach oi 
the new telescope should supply enough data to 
provide the answer. In this connection, Dr. F. k 
Moulton suggested long ago that according to 
Planck’s equation, E = he/d, in which h is Planck's 
inviolate constant, c the fixed velocity of light. A 
the wave length, and E the radiant energy, if the: 
is even the slightest toll charge on E for an eon-long 
trip through the rare and minute obstacles of 1! 
tergalactic space, it must be paid by means of a 
increase in the wave length A. If so, all this fuss 
about an exploding universe may, after all, be quit 





unnecessary. 

As to what will be learned in the investiga 
tion, there is still another possibility, common]; 
described somewhat as follows: Space may | 
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2 TWO EXPOSURES OF THE SPIRAL TRIANGULUM 
te A TYPICAL SPIRAL. THE BARS INDICATE VARIABLE STARS. NOTE, FOR EXAMPLE, THE STAR MARKED “17,” WHICH IS MISS- 
ING IN THE LEFT PHOTOGRAPH, BUT FLASHES OUT IN THE RIGHT ONE. MOUNT WILSON OBSERVATORY PHOTOGRAPH 
A reality and point the way to some deep and obscure at least less misleading, to describe this possibly 
re truth, we shall leave to those who wish to grapple limited realm that man can see as “man’s visible 
g with such problems. domain” rather than “the bounded universe.” 
| With full knowledge, then, that we are omitting \nd here we get into the semantic anarchy that 
some aspects, both mystic and mathematical, of the delights the hearts of some popular expositors of 
ss idea of ‘‘curved space,’ we shall consider one rel science. A “straight line” is after all fundamentally 
te atively simple related thought. This thought is that a mental concept, difficult to define but easy to 
a ray of light bends somewhat, just as does the understand in its ordinary connotation, Since a 
path of a thrown stone, when it passes a massive definite concept of its meaning 1s shared by intel 
object. Einstein predicted this, and the evidence ligent laymen as well as by mathematicians, tt 
( seems to bear him out. If, then, the amount of mat seems that a straight line should be entitled to re 
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main straight in the interests of mutual understand- 
ing and priority of definition. This means that the 
two far ends should never meet, whatever the uni- 
verse may be like. But what happens? Instead of 
making the simple statement that a ray of light does 
not move in a straight line—an assertion which, true 
or false, would be easily understood by those who 
remember their Euclid—some thinkers in this field 
prefer to define a straight line as the path of a light 
ray, come what may. Thereby they are led, logically 
enough, to such subtleties as “curved” and even 
“non-Euclidean” space. Their straight lines run 
straight in a bending “space”—and another good 
word which was formerly accepted as meaning 
something at least vaguely comprehensible goes 
into Websterian hysterics. But of course all this 
is chiefly a quarrel with words rather than ideas, 
and should not be taken too seriously. Speaking for 
myself alone, I have always felt that technicians 
should invent technical words for technical uses, 
and not confiscate and revamp the old standbys. 

Having disposed of the less reliable personal 
reactions which were predicted in the introduction, 
we return to the 200-inch telescope and point out 
that one of its major accomplishments, totally un- 
influenced by advance human surmises, may be to 
verify the truth of the statement that man’s access 
to the universe is limited, or, on the other hand, to 
indicate that unreached space is much like the sam- 
ple at hand, and that actually the man-sensed uni- 
verse may stretch outward without end. 

Coming down out of the ether of speculation 
about the facts of cosmogony and the shape of the 
universe, we can say with certainty that the pri- 
mary service of the 200-inch telescope will be that 
of funneling light, in larger quantities than for- 
merly, into suitable apparatus for detailed study. 
The receiver may be a photographic plate to record 
magnified features of a galaxy or the distribution 
of a star cluster, a bolometer or thermocouple to 
measure the temperature of a light source, or per- 
haps a photometer to calibrate brightness. Finally, 
of course, the receiver may be the almost miracu- 
lous spectroscope, from which one can learn, among 
other things, the chemical composition of the source 
of light, its motion, mass, magnetic condition, cos- 
mic age, or what you will. In fact, in the light of 
past accomplishments, it seems a bit rash to deny 
the possibility that the spectroscope will tell us, 
ultimately, the innermost thoughts of some hy- 
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pothetical dwellers on unseen planets circling 
middling sun in one of the remoter galaxies. 
least we shall surely get much more informati 
about many things, both far and near. Among t! 
likelier prospects are the dwarf suns in our oy 
celestial neighborhood—those worn-out dispense: 
of faint light that are assuming a role of increasi1 
importance in modern astrophysical studies. 

Finally, in spite of the fact that the new tool | 
research is not designed primarily for investig: 
tions within the solar system, it does not follow th: 
the telescope will never be used for this secondar 
purpose. In fact, some plans have already bee: 
made to use its great light-gathering power for the 
purpose of reducing the time of exposure for phi 
tographs of Mars. It is believed that in a long series 
of repeated flash shots there are likely to be som« 
lucky ones, taken in rare moments of atmospheri 
calm, which will settle once for all some long-de 
bated questions, such as those concerning th 
straightness and artificial character of the canals o1 
Mars. It is not improbable that some of the mor 
spectacular of the achievements of the new tele 
scope, at least from the standpoint of popular 1 
terest, will deal with matters in our own tight littl 
solar family. 


In summary, then, the 200-inch giant of Paloma: 
Mountain will give us more data on the questio1 
of whether or not the universe around us, with its 
millions of galaxies lighting the void as far as w 
can see, is a fair sample of a larger reality. It will 
probably enable us to decide definitely whether o1 
not this welter of cosmic pinwheels is actually fan 
ning out, as it seems to be, in a vast pyrotechni 
explosion. It may tell us whether the borders of ou 
enlarged domain are drawing near to the limits oi 
human reach; and it surely zevi// throw much more 
light on the chemistry of all things, far and neat 
Our knowledge of the solar system will probably 
be enhanced, and we may get some important in 
formation on the problem, or at least the distribu 
tion, of life itself. 

It is perhaps too much to expect that this new 
masterpiece of engineering will bring about an 11 
tellectual readjustment matching in spectacular 
quality that which was sparked by the Mount 
Wilson giant ; but even that may happen. After all, 
it seems wise not to discount too much the poten 
tialities of the atomic age. 
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OT content to be merely armehair scien- 
tists, many “curious” men of the Enlight- 
enment—lawyers, merchants, country 
gentlemen, ministers—felt such enthusiasm for the 
methods and objectives of science that they wished 
to take an active part in the scientific work being 
done at that time. Their cooperation was welcomed 
both by the Royal Society of london and by mas- 
ter scientists who had need of many helpers. Two 
hundred years ago the word virtuosi was used to 
describe such men. Those amateurs who were able 
successfully to apply the Linnaean principles of 
classification were encouraged by the great Swed- 
ish botanist to send to Upsala accounts of all flora 

“and fauna believed to be ‘‘nondescript.’’ Alexander 
Garden, a physician of Charleston, South Caro- 
Jina, was numbered among the so-called “sons of 
Linnaeus.” In 1760 Linnaeus named certain 
genus of plants Gardenia in his honor, and in later 
wears Garden sent his master so many specimens 
of various kinds that him “the 
happy illustrator of Nature in his own region of 
Carolina.” 

In the naming of the gardenia, the behavior of 
the most renowned of all botanists was both infor- 
mal and charming. The central character in the 
story is, of course, Dr. Garden; but another vir- 
tuoso, John Ellis, who was a London merchant and 


a 


Linnaeus called 


the friend of both Linnaeus and Garden, has an 
equally important role. The story also concerns 
four others: the daughter of Cadwallader Colden 
sof New York, who shared her father’s botanical 
Hnterests; Mr. Richard Warner, 
scontained an “elegant plant ;” the superintendent 
lat Chelsea Garden, who was the author of a botan 
Bical dictionary ; and Mr. James Gordon, a famous 
tLondon gardener. The Duchess of Portland is a 
mnute actress in the drama of the gardenia; one 
telement of the plot is the sum of five hundred 
pounds. 

Such a story is worth telling for its own sake, 
but it also deserves attention because it explains 
why the eighteenth-century virtuosi found botany 


whose garden 


ssuch an absorbing avocation; it reveals the satis- 
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factions to be derived from association with the 
great Linnaeus and with fellow-amateurs. 
Nothing in the story of the gardenia is more 
interesting than to the lace 
science had in the private lives of all the people 
were 


observe intimate 
concerned. Factors in human _ personality 
constantly affecting their scientific work and atti 
tude. To these virtuosi, even to Linnaeus himsc'f, 
the pleasures of science and of friendship were 
identical. 

Various motives prompted the virtuosi to aid in 
the progress of science. One important spur was 
the popular eighteenth-century belief that science 
strengthened religious faith and induced a growth 
Another was the 


in religious sentiment social con 
cept of science. Like Sir Francis Bacon, these men 
believed that the end of science was “the relief of 
man’s estate.” The actors in the story of the gar 
these beliefs, but apparently such 


denia shared 


assumptions were too familiar to warrant their 
comment upon them. 
Certainly human pride had some part in causing 


oe 


*T) 
CI 


the sons of Linnaeus to search for new plant 
era. It was his practice to name such plants in 
honor of the promoters and benefactors of botany. 


hteenth-cen 
the 


wn 


No little fame was enjoyed by an eig 
tury man whose 
Systema Naturae. 
to be the correspondent, as well as co-worker, of 


“name-sake” was listed in 


The virtuoso who was kn 


the master of Upsala was the object of consider- 
able envy. 

Linnaeus very wisely permitted the discoverer 
of a new genus to suggest the name he wished 
given his plant, and when possible that wish was 


honored. The amateurs could use this opportunity 
to compliment a fellow-botanist, cement a friend 
ship, find a new way to pay old debts. 

The association of the London disciples of Lin- 
naeus differed the 
club life so popular during that period, but it fur- 
nished similar social pleasures because there was 


somewhat from conventional 


an opportunity at public and private meetings to 
discuss moot points in botany and a chance for an 


exchange of visits to the gardens of fellow-ama- 
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teurs. For the botanical virtuoso who lived in 
America, however, the only substitute for such 
“instructive conversation” was correspondence. 

After the completion of his education in Scot- 
land, Garden returned to Charleston in the early 
fifties and was dismayed to observe “there is 
scarce one here that knows a cabbage-stock from 
a common dock, but, when dressed in his plate, 
by his palate.” When in 1754 Garden became a 
Linnaean “convert,” he felt keenly the need of 
counsel and encouragement in his new studies. 
As quickly as possible he established correspon- 
dence with kindred spirits in the other colonies 
and across the seas. 

Garden’s correspondents must have felt at once 
the energy and enthusiasm of the man. He exhib- 
ited a true flair for applying Linnaean principles, 
and his attitude toward botanical study was one of 
high seriousness. He showed himself master of the 
cooperative method. Obviously, such a man was de- 
serving of compliment by his fellows and of public 
recognition as a worthy disciple of Linnaeus. It is 
not surprising, therefore, that this story will be 
concerned not with one “gardenia” but with many. 

Ellis’ first gardenia. Garden began his cor- 
respondence with John Ellis in 1754. There fol- 
lowed the characteristic give-and-take of a friend- 
ship between virtuosi. Garden sent American seeds 
to Ellis, which were then planted in his garden or 
distributed among Londoners of his acquaintance. 
Garden cooperated in Ellis’ experiments with im- 
proved methods of shipping seeds; he forwarded 
shipments of plants addressed to Ellis from Flor- 
ida. Ellis in turn transmitted books and botanical 
gossip to America, and as a Fellow of the Royal 
Society he was able to publish in Philosophical 
Transactions descriptions of new plants Garden 
had discovered. Then, too, after Garden began 
writing to Linnaeus, Ellis forwarded the letters 
and specimens from America bound for Sweden. 

In 1756 Garden sent Ellis descriptions of six of 
Carolina’s plants. These both Ellis and Garden 
were anxious to have appear in print because pub- 
lication usually prevented other men from laying 
claim to the plant or its name. Ellis, however, 
wanted to make doubly sure about Garden’s plants, 
and he therefore sought the advice of Linnaeus. 
“T am very sensible,”’ Ellis wrote in the letter that 
began his long correspondence with Linnaeus, 
“your judgment in these matters far exceeds either 
the english botanists or those of any other na- 
tion.” Linnaeus gave one of the American plants 
“the bishop’s touch,” as it were, and together Ellis 
and Garden named the genus Halesia in honor of 
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the man whose name Garden had used when 


addressing himself to Ellis. 

Among Garden’s six genera was a plant ¢ 
monly called “Buereria;” but because Ellis k 
it carried other well, he appare 
posed some questions to Linnaeus about this pl 
The reply of Linnaeus is not extant, but in \ 
1757 Ellis wrote: 


names as 


You desire my advice in the affair of the Butneria 
3uereria. What you say is very true. Call it which 
will you will certainly give offense to one or anot 
Mr. Miller has called it Basteria. But if you will pleas 
to follow my advice, I would call it Gardenia, from 
worthy friend Dr. Alexander Garden of S. Carolina, 
will take it as a compliment from you, and may be a most 
useful correspondent to you, in sending you many 1 
undescribed plants. 

Ellis was not to learn until the appearance of 1 
tenth edition of the Systema in 1759 that Linnaeu 
had not taken his advice. 

Miss Colden’s gardenia. Garden first met Mis. 
Jane Colden in 1754 when he visited the country 
estate of Cadwallader Colden, of New York. H 
sent Ellis a full account of his trip to Coldenghan 
“Not only the doctor himself is a great botanist, 
wrote Garden, “but his lovely daughter is great! 
master of the Linnaen [sic] method and _ cult 
vates it with great assiduity.” Her admirers were 
numbered among the virtuosi overseas also. [1 
1758 Ellis sent Linnaeus one of Miss Colden’s 
plants and wrote: 

This young lady merits your esteem, and does honour 

to your System. She has drawn and described 400 plant: 
in your method only: she uses English terms. Her father 
has a plant called after him Coldenia, suppose you shoul 
call this Coldenella or any other name that might distin- 
guish her among your Genera. 
Peter Collinson’s comment to Linnaeus made 11 
the same year is well known. “As this accom: 
plished young lady is the only one of the fair sex 
that I have heard of, who is scientifically skilfu 
in the Linnaean system,” he said, “you, no doubt, 
will . . . recommend her example to the ladies of 
every country.” 

If Miss Colden provoked such flattering sent 
ments from those who had never met her, it is 
easy to understand why she deeply impressed the 
young naturalist and bachelor from Carolina wly 
was visiting at her home. Garden’s letters—al 
addressed quite properly to Cadwallader Colden 
came thick and fast in the months immediately fol 
lowing his departure. In January he reported that 
he had written from Philadelphia on his way 
south and had sent another letter a few days after 
his arrival home. In February he sent Miss Colder 


some Persian seeds “got from Mr. Mounsey chiet | 
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7 vsician to the Army & Physician to the Prince 
jeoval of Russia.” “I shall in my next,” he prom- 
j<ed, “mention to Miss Colden the method of pre 
serving Butterflies Ecce.” 

louds appeared on the horizon in May, how- 
»ver. Garden wrote to Colden: 

y your second letter I find that I have very innocently 
ipfiended both you & Miss Colden in some expressions 
that insensibly dropt from my pen as archetypes of what 
ny heart dictated in was on sincerity. This gives me real 
concern & give me leave to assure you I shall endeavour 
as far as in my power to amend any thing in my conduct 
ior manner of writing you are kind enough to point out as 
wrong. I trust that both you & your daughter will forgive 
me for once, I shall be more sparing in saying what | 
think is due to such merit for the future—The expression 
which you say gave her most offence, gives me now a great 
deal of uneasiness as I suspect it has deprived me of the 
pleasure of a letter from her by last opportunity. 

The precise nature of Garden’s unseemly be- 
havior can only be surmised. Perhaps Garden mis- 
jnterpreted the temper of Miss Colden when she 
expressed the desire to give his name to one of her 
new plants. It is fortunate that Colden granted 
Garden permission to tell this news to his cor 
respondents, because Garden had immediately 
written to a friend in Edinburgh about the plant 
and its proposed name. Early in the following year 
Garden told Ellis: “By a letter from Dr. Whytt, 
J] learned that they had published the characters 
of a plant which I had sent me by Miss Colden, 
which she had called Gardenia.” 

The episode closes at this point. Linnaeus never 
adopted one of Miss Colden’s genera under this 
name, and Garden’s marriage to a Miss Peronneau 
of Charleston took place on Christmas eve, 1755. 

The gardenia of Alexander Garden. Linnaeus 
was forced in 1758 to reject a plant sent him from 

arolina, but he wrote to Ellis at that time, “If 
Carolina, but | te to Ellis at that t “Tf 

r. Garden will send me a new genus, I shall be 
Dr. Gard Il 1 g I shall t 
truly happy to name it after him, Gardenia.”’ Nat- 
urally, Garden wished to take advantage of this 

attering offer. Within a few months he submitte¢ 
flattering offer. With f ths I bmitted 
specimens and description of a “very pretty shrub” 
e 1po! ee years before and he ex- 
he had come upon three years bef 1 | 
pressed the hope that the plant would find “its 
proper place in your Systema Naturae.” A few 
weeks later he wrote to Fllis: 

I have sent him a new genus, which he desired I would, 
that he might name it after me, but that I have left to 
himself, as I am very sensible I am yet rather too much of 
a Tyro to have that honour conferred on me. 

Linnaeus offered no comment on this plant to 
either Garden or Ellis, and as late as the end of 
1762 neither virtuoso was aware that it had al 
teady been described and named. 
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1758 Ellis be 


“Cape jas 


Karly in 
came interested in a plant called the 
mine,” which he found growing in the garden of 
Mr. James Gordon at Mile End. He heard that the 
plant had been brought from the Cape of Good 
Hope four years before, but its owner, Mr. Wat 
ner, had been unable to cultivate it. Although the 
other London gardeners had failed in their at- 
tempts, Gordon successfully raised the plant from 
cuttings. It was classified as a jasmine by M1 
Philip Miller, superintendent of Chelsea Garden 
and author of a botanical dictionary. Ellis, how 
ever, believed the plant was new, nor was he im 
pressed by the authority of Miller. 

One day Ellis, accompanied by Peter Collinson 
and Georg Ehret (famous for his drawings 1n Lin 
naeus’ Hortus Cliffortianus), went to “Mr. Wat 
ner’s, a very curious gentleman, at Woodford neat 
this City, to see his rare plant like a Jasmine, with 
a large double white flower, very odoriferous.” The 
men induced Warner to let 
sent to Linnaeus. Then Ellis, in the presence of 


a dried specimen be 
Linnaeus’ friend Dr. Bierken, dissected the double 
flower and sent the description to Sweden. “If vou 
find this plant to be no jasmine, but an unde 
genus,’ Ellis told 
oblige me in calling it Warneria after its worthy 


scribed Linnaeus, “you will 
possessor.” 

Linnaeus was certain it was no jasmine, but he 
was loath to offer further judgment as long as he 
could examine only the double flower. “May I be 
allowed,” he asked Ellis, “to insert the charactet 
of this genus, on your authority, in my Systema, 
as I am unable to make it out myself?” On fur- 
ther consideration, however, Linnaeus decided he 
would “rather not meddle with this plant at all, 
till it is better known.” 

Then came the Christmas holidays, and some 
thing happened to Linnaeus that will strike a fa- 
miliar chord in the heart of many a college pro 
lessor. 


I had always present in my collection a dried speci 
men, with a single flower, preserved in some part of my 
herbarium, which, as far as my memory would serve, I 
believed to be the same species. Many a time, in the course 
of the last half year, have I hunted for this specimen, but 
in vain, my thoughts having been so much taken up with 
the daily business of the University, my publick and private 
lectures, and numerous matters besides. 

During the Christmas holiday, however, having found 
leisure to turn over all my dried plants, I luckily met with 
the specimen in question. The flower is perfectly single, 
and by immersing it in hot water, I could clearly ascertain 
every part of its structure, so as to draw up, without any 
uncertainty, the following characters of your genus War- 
neria. 


To disentangle one snarl, however, was but to 
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encounter another. Suddenly the plant was with- 
out a name because the “very curious gentleman” 
at Woodford had announced that he did not wish 
the plant to be called “Warneria.” Ellis wrote to 
Linnaeus: 

I believe he is convinced that it differs from the Jas- 
mine; but he has such an esteem for Mr. Miller, that he 


would not appear to differ from him in so capital a plant 
by adopting another name. 


It is not strange that today we cannot understand 
why Warner made such a decision; the years that 
have elapsed since that time have brought about 
such a radical change in popular scientific thought 
that even the eighteenth-century meaning of the 
word virtuoso has become obsolete. 

Warner was certain to gain in reputation among 
his fellows if Linnaeus named the genus ‘“War- 
neria” and published the news in his Systema, nor 
was Warner loath to accept this signal honor that 
only Linnaeus could confer. But, as the personal 
friend of Philip Miller, Warner had concern for 
Miller’s reputation among Londoners as a botan- 
ical authority. The linking of Warner’s name with 
the new plant genus was certain not only to 
weaken Miller’s prestige, but also to give public 
announcement of Warner’s disagreement with his 
good friend. Warner was confronted with the hard 
choice between science and friendship. His regard 
for the feelings and reputation of his friend tri- 
umphed over his respect and recognition of scien- 
tific fact. This episode very clearly reveals the im- 
portant role that science sometimes played in the 
private lives of the eighteenth-century virtuosi. 

Hindered from naming the Cape jasmine after 
the man who was the proper recipient of the honor, 
Ellis began searching for a suitable name, one 
worthy of so handsome a plant. He considered it, 
he said, “the most rare and beautiful shrub, that 
has yet been introduced into the European gar- 
dens ;” some of its double milk-white flowers had a 
width of four inches; it bid fair to reach a height 
of six or seven feet. Surely “Augusta” perfectly 
described such a plant. Ellis wrote to Linnaeus: 


I must therefore desire you would call this plant Au- 
gusta, which I think as well deserves that title for its ele- 
gance in every respect, as the Methonica does to be called 
Gloriosa. This will not offend our friend Warner’s mod- 
esty, nor his particular delicacy to Mr. Miller. 


Three times Ellis urged the adoption of this 
name ; then he suggested an alternative: 

Be so kind as to call it Portlandia, after that eminent 
patroness of botany and natural history the Duchess of 
Portland, who is a very great admirer of your excellent 


and learned works, by which you have opened the eyes 
and understandings of mankind. 
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Which name Linnaeus preferred Ellis had mn 
of knowing, for the master made no comment 

In 1759 the second volume of the Systen 
peared, but it contained no reference to Ellis’ 
The feelings of the virtuoso were deeply inj 
He made no attempt to conceal his disappoint 
from his friends in London, nor did he addres 
letters to Linnaeus between March 1759 and 
of the following year. 

Ellis harbored no resentment against Lim 
however, for failing to name his jasmine afte 
Duchess of Portland. The alternative nan 
reached Linnaeus too late. In the tenth ed 
which had just come to hand, Ellis observed ¢! 
the Portlandia was listed among the new g¢ 

At length news of his sulking disciple rea 
the master at Upsala, and he wrote: 


[Professor Ferner] informs me that you are disp! 
at my not having admitted your new genus, by the 
of Augusta, in the second volume of my Systema 
me to state my reasons. 

... I have laid down a rule in my Critica and | 
phia, that no adjective should be admitted as a get 
name. On this ground I have expunged several nan 
other authors; but, that I might not carry innovatior 
far, I admitted Mirabilis and Gloriosa, for which | 
often been blamed by my adversaries. Everyone kt 
that the Harlem florists give this kind of names t 
Hyacinths, Tulips, &c. such as superba, augusta, ir 
parabilis, pulcherrima. 


Ellis’ recovery from his fit of the vapors 
almost instantaneous. “What you say is right,” 
answered. Indeed, Ellis might almost feel that 
owed a debt of gratitude to Linnaeus. Had not ' 
master saved Ellis’ “elegant plant” from the stig 
of the market place? 

3ecause Linnaeus had urged him to submit 
name so that a description of his plant could app: 
in the appendix to the forthcoming Volume 
of the Systema, Ellis was forced to act wit! 
delay. A glance at the second volume informed | 
that Linnaeus had ignored the suggestion, mad 
1757, to honor Garden with the plant often cal! 
‘Buereria.” Instead, Linnaeus assigned the n 
Calycanthus to this new genus. 

Ellis was not slow in making his decision 
shall write to Dr. Garden this day,” he announc 
to Linnaeus, “that I have desired you to giv 
name of Gardenia to the Jasmine, which | 
persuaded he will esteem as a favour.” And obser 
Garden’s reply : “Your compliment of the Garde: 
was most acceptable to me . . . I shall grate 
remember it. Has Linnaeus adopted it ?” 

Linnaeus’ gardenia. There was the rub. Lint 
was showing himself most reluctant to adopt | 
name suggested by Ellis. He warned his disci 
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it if this request was granted his carping critics 
ight renew their attack. 


If I may without reserve lay open my mind to you, | 
uld have wished that the supposed Jasmine might have 
en called Warneria, aiter the person who has first cul- 
ited it in Europe; Gardenia being applied to 
nus first discovered by Dr. Garden. | 
against the ill-natured objections, often made against me, 
hat I name plants after my friends. If therefore I 
nfer this honour on those who have discovered the re- 
nor 


some 


wish to guard 


spective plants, no objections can arise, can I be 
charged with infringing my own rules. 

This time, however, [llis did not reply as he 
previously had done: “What you say is right 
and I submit.” On the 
maintained a strict silence. 


therefore contrary, he 
Linnaeus wrote a second letter to London, and 
from it Ellis could infer that his request seriously 
interfered with Linnaeus’ own plans to honor his 
disciple in Carolina and at the same time oblige 
his good friend in London. “I had given the name 
of Gardenia,” wrote Linnaeus, “to an entirely new 
and very singular genus in order so far to 
conform to your wishes.” 
Nevertheless, Linnaeus must have 
that the bonds of friendship were stronger than the 


concluded 


consistencies of scientific method, or even a mastet 
scientist’s prerogative, for on November 4, 1769, 
he wrote to Ellis: 

As you still persist in your decision, that the Jasmine so 
often mentioned between us should be called Gardenia, | 
will comply, though I cannot but foresee that this measure 
will be exposed to much censure. I find it impossible to 
deny you anything. All that I beg of you, my dear friend, 
is, that you would publish the genus and its character in 
some loose sheet, or some periodical work, or transactions ; 
in which case I promise to adopt the name. Do not 
therefore indulge any more suspicions of my regard and 
devotion to you, who esteem you among the chief of my 
friends. 

Ellis forthwith composed his description and 
obtained Ehret’s handsome drawings; both ap- 
peared in the Philosophical Transactions of that 
same year. 

At long last Alexander Garden had been pre 
sented with a “name-sake,” and his fame was 
assured when the Gardenia took its proper place in 
the Species Plantarum of 1762. Thus the story of 
the gardenia explains why only Ellis’ Cape jasmine 
had the honor of inclusion in the twelfth edition 
of the Systema (1767) even though five 
nias” were entered in competition for that prize. 


“oarde- 


CERTAINLY if an eighteenth-century man asked, 
“What’s in a name ?” he would get no dusty answer 
from the botanical virtuosi. The the 
gardenia indicates that the giving of names to 
plants was a far-from-simple task. The popular 


story of 
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identification of the plant with the man it honored 
the 


attribute a crucial social importance to the 


caused amateur scientists of the period to 
naming 
of plant genera. 

One of the six plants that Garden sent to Ellis 
soon after their correspondence began was the 
Although 


ly classified this plant, Garden 


“Carolina Yellow Jessamy.” Linnaeus 


had alrea believed 
it to be “absolutely a new genus.’ He wished to 


make his new friend a gift of the plant by 
it “Ellisiana.” 


naming 
Apparently, Ellis advised against 
challenging the authority of Linnaeus, and so in a 
subsequent letter Garden wrote: 


I now have a plant which ts entirely new, and the most 


superb lofty plant that ever I met with in America, which 


I shall beg leave of you to accept as a name-sake but 
if you chuse a shrub, | that 


which I call the hop-like shrub. 


should have beautiful one 


Once correspondence with Linnaeus was estab 
lished, Garden renewed his efforts to compliment 


the man to whom he once referred as ‘“‘my dear, 


my first, my chief Botanical friend.” In 1758 


Garden submitted the characters of ‘ta very hand- 
“T am very 


much 


some plant,” which, he told Linnaeus, 


anxious should bear the name of my valued 


Mr. Ellis.” 


ind he further dashed Garden’s hopes by stating 


riend Linnaeus rejected the plant, 
that Illis already had been presented with a plant 
In a grateful but saddened mood Ellis wrote to 
Garden, “Indeed your compliment of the Ellisia 
(now a Swertia) I can never forget. You see 
Linnaeus says I must be contented with one place, 


which Dr. Browne has given me.” 


In 1762, however, Linnaeus sent Ellis startling 
news concerning his plant: 
I... am obliged to confess that Duranta and Ellisia 


not only form one genus, but scarcely differ in species, so 
that the latter cannot be kept distinct. This being the 
began to look about for a Ellisia, that 
who deserve so eminently of our science may not be for 
gotten. Being particularly desirous to fix on some plant 
known in the gardens of Europe, | thought of 

Ipomaea N yctelea Write to me as soon 
whether this your 
prefer any thing else. 


case, | new you, 


hav : 
as possible, 
wishes, or whether would 


meets you 


Ellis did indeed prefer something else. He 
knew Linnaeus’ plant well; he had even made a 
What 


1 1 
ant that 


drawing of it for his friend Peter Collinson 
[llis desired for his ‘“‘name-sake” was the 1 
The Charleston 


physician had anticipated it would be named after 


Garden had sent Linnaeus in 1760. 


him, but .its arrival coincided with the moment 
when Linnaeus had agreed to have Ellis’ Cape 
jasmine called a gardenia. Ellis had suggested at 


*Schlosseria” in 


that time that the plant be named 
honor of the Dutch botanist 








As soon as possible Ellis wrote Linnaeus, re- 
minding him of the plant “with white flowers” that 
Garden had sent to Sweden: 

If it is not too late, and you find it a distinct genus, I 
would rather choose to change plants with Dr. Schlosser. 
If this is not convenient, and you have any new genus of 
a specious plant, which will grow in England, you will do 
me much honour; because I may communicate it to the 
gardens of my friends here, to put them in mind of me. 

Ellis had no wish that his friends should identify 
him with the plant which Linnaeus had selected: 

You will pardon me when I tell you that people here 
look on a little mean-looking plant as reflecting no honour 
on the person whose name is given to it, though I am con- 
vinced, as it is a distinct genus, the compliment is equally 
great with the greatest tree. 

Ellis might reason as a scientist, but he shared the 
feelings of the virtuosi. 

There is no evidence that Linnaeus was im- 
patient with the unscientific sentiment expressed 
by Ellis; perhaps he was aware that his amateurs 
attached social as well as botanical importance to 
the naming of plant genera. I am inclined to 
believe that Linnaeus would have given Ellis his 
“very pretty shrub” if it had not already been 
named. Ultimately, Ellis was willing to accept with 
good grace Linnaeus’ gift of the “mean-looking 
plant” with its tiny blossoms and to suffer in silence 
the inevitable invidious comparisons. 

Consider, in contrast, Alexander Garden’s pride 
and gratification in the plant that his London friend 
and his master at Upsala had bestowed upon him. 
It had all the virtues: first of all, it was large; 
its flowers were huge and showy; it was blessed 
with perpetual verdure; it had a “refreshing aro- 
matic smell.’”” News reached Garden from Ellis that 
gardenias were in such popular demand in London 
that James Gordon could charge five guineas for 
each plant. The gardener at Mile End enjoyed a 
local fame, and over a period of three years he 
became the richer by five hundred pounds. 

Garden must have been aware that he was a very 
lucky man. What but luck could explain why 
Linnaeus did not give Garden’s name to any of 
the other proposed plants? Why had the crucial 
date of 1760 passed before Linnaeus began adopt- 
ing the new plants Garden sent to him? There was 
precedent for giving the so-called jasmine such a 
name as “Augusta,” but fortunately Linnaeus had 
refused Ellis’ request; had Ellis submitted the 


Nh 
bh 


alternative name only a short time earlier, 
plant might have been a compliment to the Duche 
of Portland. To all these happy coincidences mi 
be added Garden's extraordinary good luck tl 
circumstances prevented the plant from receivi: 
its proper name of “Warneria.” 

I doubt if the hapless Mr. Warner was c 
sidered either misguided or foolish by the virtu 
of his acquaintance. That was a sentimental ag 
and Warner was indeed a man of sentiment. Out 
consideration for the tender feelings of his frie) 
he forfeited the fame that this large and handso1 
plant could bring him, As time passed and 1 
popularity of the gardenia increased, his fellows 
might well have viewed Warner as almost a 
pathetic hero. The attitude of Philip Miller wou 
also be comprehensible to the virtuosi. Is it like 
that Miller’s amour-propre would have suffered 
any serious injury if Warner had publicly cha 
lenged his friend’s faulty judgment about a “‘litt! 
mean-looking plant’’? 

Meanwhile Garden’s personal triumph was real 
and sweet. His name was well publicized in P/ 
osophical Transactions; his plant was assured ; 
life beyond life in the Systema. A letter from Lo: 
don in 1761 gave the impression that the gardeni 
was the talk of the town. Ellis exclaimed: “Ever 
body is in love with it It has given great 
jealousy to our botanists here, that I have pr: 
ferred you to them; but I laugh at them and know 
I am right 

So secure was the fame of the gardenia in 176. 
that Garden could afford to jest over the “sudden 
death” of the plant growing in his garden at 
Charleston. “I take it to be no good omen,” | 
said, “for the continuance and duration of my 
botanical name and character.” Then he add 
‘But if I do not outlive it, I shall be pleased.” 

Even beyond his lifetime Garden continued 
be fortune’s favorite. The plant that now bore his 
name was called Cape jasmine by Garden’s con- 
temporaries, and it is natural that the public did 
not discontinue at once the use of a name so at 
tractive as this. In time, however, after the n« 
name had replaced the old, the gardenia and the 
man whom it honored became forever linked in 
the minds of men. It is a pity Garden did not have 
the pleasure of knowing that almost two hundred 
years later it could still be said of the 
“Everybody is in love with it.” 


wv 


garden 


THE ScIENTIFIC MONTHI 








| 





are. 
Indus 
affect 
hardl 
ence, 
purp 
comp’ 
on th 
to co 
Unite 
cycle 
Fo 
statis 
unem 
ing t 
statis 
shall 
of wa 
of in 
firms 
year 
We 1 
war 
reduc 
W 
Not « 
by wi 
per v 
differ 
In th 
of he 
indus 
depre 


ly 1 








ARE OUR WARS GOOD TIMES? 


WILLIAM F. OGBURN and JEAN L. ADAMS 
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which made a comprehensive survey of social life in America. The author of numerous 
books, his most recent is The Social Effects of Aviation. Miss Adams ts resear ‘ 
sistant to Dr. Ogburn on the project “Social Effects of Technol ’ This a 1 
the first of a series on the soctal sciences 
HE effect of war is generally considered to 38 hours. But in the prosperous years of the 
be destruction. Certainly, such it is in battle 1920s, from 1923 to 1929, the weekly working 
and in a country that is bombed or invaded. time in factories was 44.6 hours, or slightly more 


Otherwise, the destruction is limited to materials 
and lives lost outside the home country. But there 
are also constructive effects of will be 
noted in this article. 

First, we observe that the consequences of war 


War, 


as 


are much more than loss of life and property 
Industry, agriculture, government, and schools are 
affected, for illustration. In modern wars there 1s 
hardly a social institution that escapes its influ 
ence, and this influence is not always bad. The 
purpose of this article, however, is not to be so 
comprehensive as to survey the influence of war 
on the various social institutions. We wish rather 
to compare the conditions of recent wars in the 
United States with the conditions of the business 
cycle in peacetime. 

For such comparison, we shall be restricted to 
statistical records, such as those of production, 
unemployment, divorces, and births. By observ- 
ing the movement of curves from such annual 
statistical records in peace and in war years, we 
shall make some deductions regarding the influence 
of war. For instance, the annual number of failures 
of industrial and commercial firms per 10,000 
firms in the 1920s and 1930s was 90. In the war 
year 1944, the number was only 7 per 10,000 firms 
We therefore conclude that one influence of the 
war upon business in the United States was to 
reduce greatly the number of business failures. 

War years not easily discernible in some records. 
Not all social conditions are so markedly affected 
by war as are business failures. The hours worked 
per week in wartime, for instance, are not greativ 
different from the number worked during peace. 
In the war years of 1942-44 the average number 
of hours worked per week in the manufacturing 
industries in the United States was 44; in the 
depression years of the 1930s the average was 
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than in World War II. Whatever thx 


influence otf 


the war on hours worked per week, it was not 
profound 

For some statistical records during peace and 
war years it is difficult to tell from the curves 
alone which section of the curve is in the war 


period. This difficulty is illustrated by Figure 1, 


forth undated curves of six annual 


Each of 
twenty-year period, but not for the same twenty 


which sets 


statistical series these curves 1s for a 


vears. Each curve, however, does cover the period 
of either World War I or World War II 


at this undated chart, the reader will not 


Looking 
find it 


easy, on the basis of the fluctuations of the 


curves 
alone, to locate the war vears on each curve of 
the chart. In the series depicted in Figure 1, what 
occurred in War years could have happened In 
peacetime, and vice versa. 

For curves of other statistical tl 


series, le Wal 


period may be recognized approximately. Yet 
in such curves, undated, it is difficult to determine 
from them alone exactly when the war began. Six 
such curves are shown in Figure 2. Each of thes« 


curves is for a different seven-year period covet 
The 
will be interested in trying to find from the curves 
in this chart the exact vear that the United States 


ing part or all of the second world war reader 


entered the war. Although the bombing of the 
fleet at Pearl Harbor came with suddenness, the 
day is not so dramatically registered on these 


Most of the undated curves ia Figures 
t,or 5 
Figures 1 and 2 indicate that in some statistical 


time-series. 
1 and 2 are found dated in Figures 3, 
records the recent wars of the United States have 


not produced enough of a change to be easily 


t 
recognizable, or the change produced has not been 
urred in 


OC 


very greatly different from what has 


peacetime. 
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FIG. 1. WAR YEARS AND PEACE YEARS ALMOST INDISTINGUISHABLE 





The six records cover 20-year periods, but the periods, dates given in the following paragraphs, are not the same; 


hence, the figures on the base line of the chart are not dates but numbers of years. Each series includes the years « 


either World War I or World War II. Without knowing the dates, it is rather difficult to locate the war years on the 
curves. The variations in the war years, then, are not significantly different from the variations that might be expected 


in peacetime. 
Strikes and Lockouts (1917-37), total number of stoppages in thousands; Marriages (1925-45), rate per 1,000 pop 


lation; Divorces (1910-30), rate per 1,000 population; Births (1925-45), rate per 1,000 population; Population I: 
crease (1910-30), in millions, calculated from estimates of Bureau of the Census; Cost of Living (1927-47), inde 
number of the Bureau of Labor Statistics; all series taken from Statistical Abstract of the United States. 
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FIG. 2. WHEN DID THE WAR BEGIN? 


The six curves include part or all the war years of World War II, but all curves do not cover the same seven-year 
period. We cannot tell from these undated curves, though, exactly when the war began. 

Labor Union Membership (1936-43), in millions of members, from Labor Information Bulletin, August 1947, p. 4; 
Industrial Production (1937-44), index number from Federal Reserve Bulletins, 1935-39=100; Real Hourly Earn- 
ings of Production Workers in Manufacturing (1938-45), cents per hour, deflated by Cost of Living Index, from Sta- 
tistical Abstracts; Factory Employment (1937-44), index number, Federal Reserve Bulletins, 1939 = 100; Gross National 
Product (1938-45), in billions, deflated by Cost of Living Index, from U. S. Department of Commerce, National Income, 


Supplement to Survey of Current Business, July 1947, p. 19; Public Assistance (1936-43), inverted, millions of dollars, 
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deflated by Cost of Living Index, Federal Security Agency, Social Security Administration, Social Security Yearbooks 
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The indices of prosperity measured our war 
years. Statistical series, presented like those in 
Figures 1 and 2, are used by economists to repre- 
sent the fluctuations of business conditions. These 
fluctuations alternate between prosperity and de- 
pression. Such a course of business is often called a 
business cycle, although the alternations of business 
are not as smooth as the cycle of the tides. Five 
Statistical series are commonly used to describe 
the course of business. These are industrial pro- 
duction; bank clearings outside New York City; 
wholesale commodity prices; freight car tonnage, 
representing production, trade, marketing, and 
transportation; and the percentage of all firms 
failing. 

These five curves are shown in Figure 3. The 
depression years of the 1930s are clearly indicated, 
as is the prosperity of 1919-20 and the late 1920s. 
But the curves that are high in the prosperous 
business years of peacetime are also high in the 
years of World Wars I and II. This observation, 
we think, is important. The curves, used to show 
the business cycle, have the same behavior during 
the two world wars as during periods of peace- 
time prosperity. This behavior suggests that busi- 
ness was prosperous during war periods. This 
startling statistical inference is in sharp contrast to 
the idea that war consists only of horror and de- 
struction, which it did in many countries. : 

The observation that war was a period of pros- 
perity in the United States, as indicated by the time- 
series in Figure 3, may be explained by those to 
whom the idea is unwelcome by stating that the 
curves in Figure 3 (except the one on business 
failures) show only business activity, and not nec- 
essarily prosperity. Prosperity, it might be argued, 
is shown by profits ; and that, although profits nor- 
mally go with large production in peacetime, such 
need not be the case in wartime. In other words, 
industry could be very active in war years, from 
patriotic motives only, without making any profit 
at all. Such might be the case, but the curve of 
profits in Figure 5 shows that profits, like produc- 
tion, were greater than usual in the war year 1917, 
and again in the years of the second world war, 
1942-45. Since the number of plants in operation 
was only a few more in 1917 than in pre- and post- 
war years, and was fewer than usual in 1942-45, 
we infer that the profits per firm were higher than 
normal. 

The curves, then, which are used to measure 
the business cycle make the war years in the United 
States look a great deal like the prosperity phase 
of the business cycle. 
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Good times accompanied our war years. || 
years when business is prosperous are called “go 
times,” that is, good times in general, not mer 
good times for business. There is more money 


spend for clothing, for recreation, for travel, and { 
food. Institutions other than business—for instan 
the family and the church-—experience good tim: 
too, when business is prospercus. There are mi 
marriages, more births, a better standard of livi: 
for farmers, fewer suicides, fewer murders, few 
admissions to prisons, an increase in the memb¢ 


ship of labor unions, less public assistance for th 


needy, and a higher income for the nation, 
There are, though, some conditions of life 
periods of prosperity that might not be proper 


called good times, but rather bad times. For ey 


ample, there are more divorces granted in yea 
of prosperity than in years of depression; an 
strangely, there are more deaths in so-called go 


times than in bad. That we call periods of business 


prosperity good times rather than bad times 
dicates that there are more desirable than wu 
desirable conditions accompanying prosperity. 

It is interesting to see how the thirteen indices « 


good times listed in a preceding paragraph ia: 


during wars. This has been done in Figures 4 and 


5. These indices indicate both world wars as go: 
times as measured by these thirteen series. | 


wartime, there was more marrying, fewer murder: 


more money to spend or save, etc. The associatio1 


of the war years were, then, in many activities 0! 


life in the United States, pleasant ones. 
Distressing conditions found in war years, t 


That there were unpleasant associations with wai 


time is also true. There were fear, sorrow, a1! 


separation from loved ones. Unfortunately, ther 


are no index numbers for fear and sorrow; thoug 


the 14 million in the armed services 1s an indica 
tion of the extent of separated families and lovers 
From the reservoir of time-series in the statistical 


yearbooks, a few annual series representing regret 


table conditions are found (Fig. 6). 


Looking at these curves, we may reflect on th 
degrees of distress they indicate for the war years 


The curve for highway construction was low du 


ing the war, and discomfort was caused by tl 
bad state of repair of the roads of our states a1 
the streets of our cities. Taxes were higher duri 
the wars, but increments of national income add 


were larger than the increments of taxes, The vast 
accumulation of the war debt was frightening, but 
its burden will be felt more in the years following 


the war than it was during the war. Rather, dur 
the war the debt added an inflationary buoyanc 


THe Scientiric MontH!\ 





The 
War ] 
If the 
ness Pp 

Frei 
index 
1935-3 


ind F 


Iuly 1 





ays 


Bie = bp. 








bs seat -—~ ae 


be 


*e 


aa 





4 








t.4 ee 


rN 


oe 


BANK CLEARINGS /°~ 
y 


sam 
ns, a: - 4 - *e° 
. . if 





FREIGHT 


4 


Py Try Ty ee ee 


INDUSTRIAL PRODUCTION 


F 











AILURES 
7 
¢ \ 

/ \ 


a 


INVERTED | 





X 
ia 


"4 


PF 
! 
! 
! 
! 
I 
i 
| I 
] 
! 
! 
i 
| 
! 
| 
| 


| 
! 











a 
4 
P< : "a 
PRICES = 
PROS- 

WAR PERITY WAR 

‘Seer et eee eee eee ee ees ee ee eee 
1910 1915 1920 925 1930 1935 1945 

FIG. 3. CURVES USED TO MEASURE BUSINESS CYCLES 


The curves ordinarily used to measure business cycles when traced through the period of World War I and World 
War II show the war years to be like the prosperity phase of the business cycle, as seen in the years of the late 1920s. 
If the war years were unknown, the curves alone would seem to indicate these war years merely as periods of busi- 
ness prosperity, which are higher on the chart than the preceding and following depression phases. 

Freight, billions of tons of revenue freight originated, from Statistical Abstracts; Commodity Prices, Wholesale, 


index number from Fed. Res. Bull., 1926 


100, unadjusted; Industrial Production, index number from Fed. Res. Bull., 


1935-39 = 100; Bank Clearings Outside New York, in billions of dollars, deflated by Cost of Living Index, from Com. 


and Fin. Chron.; Fairures, industrial and commercial, inverted, number per 10,000 enterprises, from Statistical 
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With business prosperity are associated good times in other areas of life’s activities. In Figures 4 and 5 curves a 
drawn that have been found correlated with the business cycle and are used as evidence of good times. These indices 
good times generally show the same characteristics in war years as in periods of prosperity in peacetime; that is, th 
curves are higher (or lower) in both war years and years of prosperity than they are in periods of business depression 

Marriages, rate per 1,000 population; Births, rate per 1,000 population, both from Statistical Abstracts; Factory E1 
ployment, index number, Federal Reserve Bulletins, 1939=100; Farm Income, net income from farming to all persons 
on farms, per capita in hundreds of dollars, deflated by prices paid by farmers, including interest and taxes, 1910-14 = 
00,000 population, from Statistical Abstracts; Prisoners Received from Courts 


100; Homicide Deaths, rate per 1 ‘7 
during the year, Federal and state prisons and reformatories, rate per 100,000 population, from Statistical Abst) 


of the United States. 
28 


FIG. 4. GOOD TIMES IN WAR YEARS 


THE ScIENTIFIC MONTH 





Week 
tistical 
Suicides 
1910-19, 
Labor J 
flated by 
books ; 
graph is 
1921—f; 
of Livir 


.. uly 19: 













































TrrTyitp yryrrre --. TrrryTyrrrry yr 
NY 
EARNINGS 
sen “A - 
a” . 
4 PR . 
4 i Adige Lan 
e eT ed ad Sie tile, e 
7 / N. 4 File al 
= : \ —_"* / —S 
/ / a” }/ 
ia pei iil e 
= ik NATIONAL INCOME in) 
Pi Ney es ~~ ’ f 
. \ 
a Vv —4 
)) tie 
Fad UNION MEMBERSHIP — 
‘ oN 
jae om a, * - 
\. SUICIDES 7 iia Nig 
\. ™~ —_ ‘Ss 
~ ne” 
a 4 amt 
‘ PU e 
_ 1 |’ ,— 
— / \ a / — 
i Z : A Ny / a _ 
4 P 4 \y \ / 
A | \ il 
/ : 
PROS- 
WAR PERITY ; WAR 
eee eee a Seer eee 
i910 1915 1920 i925 1930 1935 1940 1945 


FIG. 5. GOOD TIMES IN WAR YEARS (CONTINUED) 

Weekly Earnings of Production Workers in Manufacturing, deflated by Cost of Living Index, in dollars, from Sta- 
; tistical Abstracts; Commodity Prices, Wholesale, index number from Federal Reserve Bulletins, 1926 = 100, unadjusted ; 
Suicides, rate per 100,000 population, from Statistical Abstracts; Labor Union Membership, in millions of members, 
| 1910-1931 from Leo Wolman, Ebb and Flow in Trade Unionism, p. 16, average annual membership, 1931-1946, from 
| Labor Information Bulletin, August 1947, estimated from graph; Public Assistance, inverted, millions of dollars, de- 
’ flated by Cost of Living Index, from Federal Security Agency, Social Security Administration, Social Security Vea 
} books; Net Corporate Profits, in billions of dollars, deflated by Cost of Living Index, below the bottom line of the 
graph is a loss except for 1934, which had a profit of .5 billion dollars, but is not shown—no figure is available for 
+ 1921—from Economic Almanac, 1946-1947, p. 44; National Income, in hundreds of dollars per capita, deflated by Cost 
gof Living Index, from Economic Almanac, 1946-1947, National Industrial Conference Board figures 
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It has been claimed that a smaller percentage of 
the eligible population voted in local elections dur- 
ing war years and that there was less interest 
in local affairs, but there are no published statistics 
available. 

Divorces and deaths are tragic, but their wartime 
increase actually touches only a small proportion of 
the families. Divorces numbered 1,400,000 during 
the second world war, but without war there would 
have been about 940,000 divorces, assuming the 
same divorce rate as from 1937 to 1939. Thus, the 
added contribution to the number of divorces dur- 
ing the second world war was 460,000, whereas 
the number of married couples was 32 million. 

The war deaths were about 350,000; in three 
and a half years of peace at that time there would 
have been around 5 million. Thus, the war added 
7 percent to the number of deaths. Of course, no 
one of the families that furnished 14 million men 
to the armed forces knew that death would not 
strike. So there was fear, the memory of which 
remains as a terrible association of wartime, for 
which there are no statistics. To these distressing 
associations with war should be added the hard and 
fearful conditions of life for men at the front. One 
third of the medical discharges during World War 
II were for neuropsychiatric reasons. 

We do not think it possible to strike a net balance 
between the good and the bad associations of war 
years in the United States. To many, the utter 
horror of war overshadows all else. Nevertheless, 
the data of this article do show that the indices we 
use to measure good times characterize the periods 
of our activity in the past two world wars. These 
observations are made on the United States and 
not on France, Japan, or Russia, where the suffer- 
ings of war were much more evident. 

War and preparation for war. Our analysis has 
concerned the movement of certain indices of social 
conditions during war years, but in the United 
States the years of war were not all spent in fight- 
ing. During the first parts of World War I and 
World War II we did little or no actual fighting, 
for we were not prepared to fight. We entered 
both world wars suddenly, with our soldiers in- 
adequately trained and equipped. So the war 
periods were divided into two parts. The first part 
was characterized by preparation, which might 
have been done in peace years; in the second part 
we were engaged in actual fighting. We were able 
to be at war without much fighting because our 
allies held back the enemy. 

The question arises, then, as to whether the 
prosperity and good times that characterized the 
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war years of the United States were due to 


preparation for war or to the conditions of a fig 
ing war. 

It is easy to see how preparation for war wo 
bring great business activity and profits; and, 
course, the good times that accompany indust1 
prosperity. But how about the fighting years 
war after the initial period of preparation y 
over? In order to compare these two parts of « 
war years we have prepared Figure 7, in which 
drawn some statistical indices of business cot 
tions by months during the period between 
declaration of war and the collapse of the enen 
The first year of this period and most of the sec 
year were months of preparation, with little fig 
ing. During the last year and a half of the v 
period, the participation of armed forces in batt 
and bombings increased. 

The curves in Figure 7 were rising in the first 
part of the war, generally, until around the clos¢ 
1943 or the beginning of 1944, as they do in t 
business cycle with the recovery of industry fr 
a depression. Such was expected. The question is 
How did these curves behave after the period « 
preparation was over? The chart shows that th 
generally ceased rising, and flattened out. In 
case was there a significant recession during t 
fighting years of World War II, from the peak o: 
plateau of business prosperity. In other words, t 
short period of the actual fighting 
characterized by the same industrial boom time: 
that signalized the period of preparation for fig 
ing. We do not know what the course of the curve: 
in Figure 7 would have been if the war had last: 
three or four years longer, nor what it would hav 


War WV 


been if we had been invaded or bombed extensiv: 

Conclusion and discussion. 
this study as shown by the data is that the experi 
ences at home in the United States of our soc! 
and economic institutions and activities during tl 
periods of our participation in the last two wor! 
wars were much like those of the prosperity phas: 
of the business cycle in peace years, common! 
called good times; though there were some 
calculable conditions of fear and distress. 

The United States was more fortunate than wer 
the combat countries of Europe and Asia that wer 
bombed or invaded and that were in the war longe! 


The conclusion 


Our industries were more prosperous than in other wie 
warring countries. The positive association other 
good times in the United States during the wa: _Dea 
probably has a bearing upon our willingness neg 


engage in another war. Rewards and punishments Econc 
we know from psychology and from experienc struct 
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FIG. 6. SOME DISTRESSFUL CONDITIONS OF WAR YEARS 


Not all the activities of war years can be called prosperity and good times. Statistical records reveal som 


tunate conditions, such as those shown by the five curves of time-series found in the statistical yearb 


§ other distressing conditions in war years, such as fear, for which there are no statistical records 
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_Deaths, rate per 1,000 population; Divorces, rate per 1,000 population; Public Debt, dollars per capita 
| Cost of Living Index; Internal Revenue, income and profits taxes plus other revenue, in billions of dollars 


§ by Cost of Living Index, all from Statistical Abstracts; Highway Construction, in millions of dollars 


Economic Almanac, 1946-1947, p. 235, 1929-1946 from Statistical Abstr., 1947, p. 968, deflated by Eng 
struction cost index, which measures the movement of construction costs in general, from t 
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FIG. 7. PREPARATION FOR WAR, AND COMBAT WAR 


In the first part of the years in which the United States was officially at war in 1941-1945, activities were largely 
preparatory. In the latter part of the period, combat fighting was much more extensive. The wavy line indicates, ap- 
proximately, the division between these two periods, but more accurately for some of the curves than others. These 
curves, which have been used to indicate good times and prosperity in peace years, are high both in the preparato: 
and in the fighting phases of the war years. 

Industrial Production, index number from Federal Reserve Bulletins, 1935-39 = 100; Bank Clearings Outside New 
York, in billions of dollars, deflated by Cost of Living Index, from The Commercial and Financial Chront 
Weekly Earnings of Production Workers in Manufacturing, deflated by Cost of Living Index, in dollars, from 
Statistical Abstracts; Public Assistance, inverted, millions of dollars, deflated by Cost of Living Index, from Federal 
Security Agency, Social Security Administration, Social Security Yearbooks; Failures, industrial and commercial, in- 
verted, number per 10,000 enterprises, from Statistical Abstracts; Factory Employment, 1919-1946, index number, Fed 
eral Reserve Bulletins, 1939=100, 1910-1918 from Paul F. Brissenden, Earnings of Factory Workers, 1899-1927, | 
61, decreased by average percentage of difference in 1919-1920. 
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re effective determinants of behavior. Animal that we mav not be 


so fortunate in another wa 
trainers find that their subjects repeat more readily We may be in another world war from its begin- 
hen rewarded and that they desist more quickly ning and not after the enemy is partly worn down 
hen punished. Our religions have a heaven and a ___ by fighting with our allies. Nor are our allies likely 
ell. Rewards and punishments, however, are not to hold the enemy while we take a vear or two to 
ie only factors bearing upon behavior and shaping — prepare. It is almost certain, because of the exist 
ur attitudes toward war. ence of long-range bombers of great speed, that 
In view of this possible influence of our past for we shall be bombed in the next wat e bombing 
tunate war experiences upon our attitudes toward — will be very destructive if our enemy has the atom 
engaging in future wars, it is well to remembet bomb. Nor is 1t clear that such a war will be bri 
bd] oS bet 
REMNANTS 
These are still left: a budding, wayside elf 
That droops dust-covered; the moth a blinded troll, 
Birds are shy sprites hurtling from hole to hole 
In the shattered veil of Earth; the Earth itself, 
Fear host to little things that dare to thrill 
And glow only in midnight mystery; 
The dwindling mammals slip away and flee 
From all erect, who crush what is not still. 
Man ever burgeons! He is the imp that mars 
All that is beauty, all the ethereal 
Magic, Earth makes of gleam and waterfall ; 
Nothing 1s safe but cloud and brooding stars. 
God save these remnants whatever Man may do, 
When ribs of cities totter against the blue. 
RosperT THOMAS Moort 
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BURTON E. LIVINGSTON, 1875-1948 


WARREN B. MACK 


Department of Horticulture, The Pennsylvania State College. 


Y FIRST meeting with Professor Burton 

E. Livingstén took place in his labora- 

tory at Johns Hopkins during the sum- 
mer of 1927, in an interview he gave me in re- 
sponse to my inquiry as to whether he would 
accept me as a graduate student. I arrived at his 
laboratory a little after 11:00 a.m., the hour he 
had named, and I was concerned about infringing 
upon his lunch hour. But he had left word with his 
secretary to call him at his home when I arrived, 
and she assured me that he would come in at once 
and would not worry about lunch. 

The interview lasted until well into the evening, 
and my protests about delaying his supper were 
smilingly disregarded. Several conversations of 
similar duration took place before plans for my 
studies were ready to go into effect in the fall of 
1928 ; these interviews, I discovered, constituted a 
good part of my preliminary examinations, in- 
formally conducted. It was impressed upon me, 
however, that it was necessary to clear the formal 
requirements of the University—‘hurdles,” he 
called them—as decisively as possible. 

Lectures and laboratory exercises in plant physi- 
ology I found to be equally informal. Professor 
Livingston announced several days after the official 
opening of the University that he would lecture 
from 11:00 to 12:00 on Mondays, Wednesdays, 
and Fridays; actually, the lectures might begin at 
any time up to 11:45 and continue to 1:30 or 
later. Students brought their lunches to the labora- 
tory and worked there until Professor Livingston 
started from his office to the classroom, when we 
all filed in with him. After the lecture, the students 
returned to their desks in the laboratory and ate 
their lunches; Professor Livingston accompanied 
one or more students, discussing their work or any 
other topic that might come up. Usually, the con- 
versation narrowed down until it centered upon 
one student, and it would continue for an indefinite 
period, sometimes until 9:00 in the evening or 
even later. 

As little attention was paid to the calendar as 
to the clock. The Friday after Thanksgiving Day 
was part of the holiday, but the students came as 
usual, and in due course the Professor appeared 
too. The same thing might have happened during 
the Christmas recess also, but the annual meetings 
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of the American Association for the Advanceme: 
of Science then claimed Professor Livingsto1 
time and energies. 

His lectures, though informal in presentatio: 
were well organized, and they were characteriz: 
by many references to the persons who had cor 
tributed to knowledge under each topic, many 
whom had worked in his laboratory. Methods 
measurement and their invention and improvement 
were allotted a great deal of time, and always tl 
ones who invented and improved were named and 
paid full tribute. 

As to laboratory exercises, typewritten outlin 
of the classical experiments were issued to ea 
student, but after he had completed a few general 
experiments, the student was urged to exami 
critically one or a limited number of the expe: 
ments in which he had a special interest. Some oi 
the students, for example, spent several months o1 
Askenasy’s demonstration of the tensile strengt 
of water enclosed in capillary tubes; their wor! 
discovered the precautions required to ensure 
reasonable degree of reliability to this demonstra 
tion, which formerly was a hit-or-miss affair. 

Aimless activity or lack of sustained interest was 
discouraged. The student who characteristicall 
wrote verses about raindrops coursing down thi 
laboratory windowpanes and forgot to make read 
ings on his instruments was encouraged to pursu 
studies elsewhere, even though the verses, accord 
ing to Professor Livingston, were fairly good. 

The objective point of view was maintained at 
all times; the student was required to observ 
quantitatively and discover relations among events 
and conditions, but he met little enthusiasm fo 
speculation or conjecture. He had to account i 
all his observations and conform with rigid logical 
procedure. Of the student who thought that | 
technique must be faulty because a decapitate 
plant did not develop positive pressure in his ex 
periment on root pressure, Professor Livingsto1 
asked : “How do you know? All plants do not d 
velop the same pressure. Maybe this one did not 
develop any.” 


The Laboratory of Plant Physiology was small, 
but was well planned and well equipped; shops 


with wood- and metal-working and glass-blow1 
equipment provided ample facilities for the n 
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ianically adept student, who met every encour- 
sement to devise apparatus for more accurate 

easurement of processes, or for more precise 

mtrol of environmental conditions. Apparatus 
such as porous cup atmometers, to measure evapor 
tion, and unglazed porcelain cones, to measure the 
vater-supplying power of the soil, which were de 
eloped in these shops, were deliberately designed 
to be simple and inexpensive, to bring them within 
the reach of as many laboratories and students as 
possible. For any purpose, however, the apparatus 
had to be adequate; sometimes it became very 
elaborate, as, for example, that used to measure 
the oxygen-supplying power of the soil. 

Professor and Mrs. Livingston always main- 
tained friendly social relations with students and 
graduates in their home or at their summer camp 
site on the Magothy River. Conversations were 
lively, but they usually came back to plants, which 
were present in the house and were grown under 
various conditions, including water culture, in the 
home gardens. In these general conversations, 
politics, religion, philosophy, literature, and the 
arts came up, but they were of secondary interest 
to plant science; all were approved, however, as 
human activities having value both in the mainte 
nance of the social order and in the development and 
recreation of personality. 

Though the periods of sustained philosophical 
discussion were few, both in lectures and in con- 
versations with students severally or in groups, 
brief allusions to Dr. Livingston’s scientific point 
of view were quite frequent. He reacted against 
the “teleology or even out-and-out mysticism’’ that 
characterized most writers in biological science up 
to the turn of the century ; as he stated, “My lWelt- 
anschauung seems always to have been of the 
aetiological rather than of the teleological sort.” 
This point of view evidently was not studied nor 
consciously adopted; it was a thoroughly charac- 
teristic part of his personality, a result of his own 
reactions to all the influences and personalities he 
had met during his lifetime. 

His life was almost completely expressed during 
his thirty-one years (1909-40) in the Laboratory 
of Plant Physiology of the Johns Hopkins Univer- 
sity ; it seems to have been shaped almost as com- 
pletely by his experiences before he accepted the 
professorship there. 


Dr. Livrncston’s birthplace and boyhood home 
was on the outskirts of Grand Rapids, Michigan; 
his parents were farm-reared, but in the rapidly 
growing city his father was a street grading con- 
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tractor. The home lot was large enough, however, 
farm-fostered 
parents. There were vegetable and flower gardens, 


to express the interests of his 
collections of wild flowers, and ornamental plants 
outdoors and many potted plants indoors, includ 
ing an orange and a lemon tree grown from seeds 
that Burton planted when he was less than fou 
vears old, 

older brothers and sisters were 


Parents and 


especially interested in plants; and this interest, 


which probably came naturally to him, was height 
ened in Burton by many excursions with older 
brothers to near-by bogs, streams, and woodlands 
in which the native vegetation grew undisturbed, 
as well as to upland meadows and fields with thei 
cultivated crops. They called many plants by thei 
Latin names, and Dr. Livingston could not recall 
the time when he did not recognize the two Hepat 
ica species native to that region as ¢triloba and 
acutiloba. 

Another feature of his home environment, which 
exerted a strong influence, was the fact that during 
the winter months his father’s tools and equipment 
were at home, where he could repair them for use 
during the following summer; the boys assisted 
him, acquiring skill in simple mechanical opera- 
tions and wood-working. With tools at hand, the 
boys naturally employed them to construct devices 
for their own use, including, on Burton’s part, 
canoes, sleds, glass-covered trays for a butterfly col 
lection, and presses and cases for plants. Books of a 
great variety and a small microscope were at hand 
for leisure reading and study. 

His high-school training, begun when he was 
fifteen, was characteristic of the time and included 
a considerable range of natural science. He ac 
complished the equivalent of three years of Latin 
and one of Greek as extras, studying them by him 
self during the summer ; this home study indicated 
his avid interest in languages, which was main 
tained throughout his life, as well as a penchant 
for acquiring knowledge independently. 

Books and magazines were the foremost re 
reation of the Livingston family. “Everyone in 
the family circle read and read,” according to Dr 
Livingston. The children played the card game 
“Authors,” became acquainted with the portraits 
and titles of noted authors, and read many of their 
works as they grew older. Burton read “dozens 
and books,” 
Bryant, parts of the great religious books of the 
world, and Thoreau, Emerson, and Carlyle before 
he finished high school. He bought a 
bound set of Shakespeare’s works with money 


dozens of boys’ Longfeliow and 


morocco 


earned by mowing neighbors’ lawns. 





BURTON E. LIVINGSTON, 1875-1948 


After finishing high school, he spent a week at 
the first Chicago World’s Fair, “a good deal of it 
in the horticultural building,” then worked a year 
in Pitcher and Manda’s nurseries at Short Hills, 
New Jersey, where his older brother Luther, who 
had spent a vear collecting cattleyas in Venezuela 
and Colombia for the firm, was a cataloger and 
bibliographer. His labors acquainted him with a 
great variety of cultivated plants, and he extended 
his acquaintance to the wild plants of the Short 


JO 


Hills region on Saturday afternoons, Sundays, at 
holidays, as well as during the midsummer 


1894, after he had left the employ of the nurser\ 


and until he entered the University of Michigan i 
the fall. At the same time he studied Spanish wit 


his brother, who had made a beginning at it whil 


he was in South America. 
His herbarium, begun in high school, and add 
to as a hobby until the fall of 1894, earned hit 


ten hours of advance credit at the University and 
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his high-school course, constituted all his 
ling in taxonomic botany. At the University, 
vorked at a plan to catalog the plants in the 
on of Ann Arbor according to habitat, with the 
} sympathetic interest of V. M. Spaulding. During 
i his first college summer vacation, he read works 
Bon plant geography in the botany building at 
Columbia University while visiting his brother 
} Luther in New York, and at that time became 
S acquainted with N. L. Britton and John K. Small. 
On his return to Ann Arbor, he studied plant 
| physiology under F. C. Newcombe, became his 
assistant in 1895, and continued in that capacity 
until graduation in 1898. 

He taught the natural-science courses in the 
Freeport, Illinois, high school during the first year 
alter his college graduation, and then became a 

’ Fellow and assistant to Professor C. R. Barnes at 
+ the University of Chicago, under whom he had 
| charge of the laboratory exercises in plant physiol- 
ogy until 1905. He became deeply interested in 
ecology, which was being developed at Chicago 
| largely through the work of H. C. Cowles. He 
‘continued his work begun while a senior at the 
University of Michigan on the influence of the 
osmotic value of solutions on a fresh-water alga, 
and published The Role of Osmosis and Diffusion 
in Plants in 1903. At Chicago he attended the lec- 
tures of J. M. Coulter in plant morphology, 
| Jacques Loeb in general physiology, and F. Leng- 
‘field and J. O. Stieglitz in chemistry. The Ph.D. 
degree was conferred upon him by the University 
) of Chicago in 1902. 
| While he was a Fellow at the University of 
Chicago, he spent one summer recess teaching 
botany at the Eastern Illinois State Normal 
' School, and another at the New York Botanical 
Garden, where he became acquainted with its di- 
rector, D. T. MacDougal, and with F. E. Lloyd, 
H. M. Richards, and C. C. Curtis, fellow-workers 
with whom he maintained a lifelong friendship. 

The summer of 1905 was spent at the Desert 
| Laboratory of the Carnegie Institution of Wash- 
| ington, at Tucson, Arizona, and the early winter 

of 1905-06 in the U. S. Bureau of Soils, where he 
was engaged in soil-fertility investigations. He was 
}a staff member of the Carnegie Institution of 
' Washington from 1906 to 1909, part of which 
period he spent at the Desert Laboratory, working 
sunder MacDougal’s direction on problems of 
) physiological ecology, mainly on the relations of 
| plants to soil moisture and to evaporation ; he also 
spent some time at the Missouri Botanical Garden 
) with William Trelease, H. von Schrenk, and J. A. 
Harris; and the year 1908 in Europe, mainly at 
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Munich with von Goebel, Hegi, and Renner, but 
also at Leipzig with Pitetfer, and at Heidelberg 
Gluck ; 
through Germany and Switzerland and a 
visit to the Rothamsted Station in England. 

On his return to America he attended the AAAS 


with Klebs and he made, besides, trips 


briet 


meetings of 1908 in Baltimore, and there saw Pro 
fessor Johnson and his newly established botanical! 
garden on the Homewood tract, soon to become 
the campus of the Johns Hopkins University. This 
meeting led to an offer of an appointment as pro 
fessor of plant physiology at the Johns Hopkins 
University, sent to him by telegraph while he was 
on a tour of southern California with MacDougal 
and several visitors to the Desert Laboratory, in 
the early summer of 1909. 

Professor Livingston once told me that he found 
Lon A. Hawkins waiting on the steps of his labora 
tory on his first day in the new position ; Hawkins 
announced that he would be his first student. Other 
students during that first year were F. H. Blodgett, 
W. D. Hoyt, W. R. Jones, L. W. Sharp, H. H 
York, and W. H. Brown. With members of this 
group, Professor Livingston designed and con- 
structed new equipment for the laboratory, and, 
when the new building which was to serve during 
the remainder of his professional life was erected 
in the winter of 1911-12, together they designed 
the interior details and installed some of the equip- 
ment. He once said that he had “‘gained as much 
from those students as they gained from |[him].” 

The summers of the first several years after he 
joined the faculty of the Johns Hopkins University 
were spent at the Desert Laboratory, carrying for- 
ward studies on soil moisture and evaporation sup 
ported by grants from the Carnegie Institution, 
and with the help of different assistants. He fre- 
quently acknowledged his indebtedness to these 
men: W. H. Brown, J. S. Caldwell, E. M. Harvey, 
H. E. Pulling, J. W. Shive, A. L. Bakke, H. C. 
Sampson, E. S. Johnston, J. D. Wilson, G. S 
Fraps, and L. J. Pessin. 

In 1921, he spent the summer with Mrs. Liv- 
ingston at the Desert Laboratory, completing 
studies begun and carried on with Forrest Shreve 
during ten years. That year he published The Dis- 
tribution of Vegetation in the United States, as Re- 
lated to Climatic Conditions. Two later summers, 
those of 1922 and 1926, also were spent at the 


Desert Laboratory. 

The studies carried on by Professor Livingston 
and his students in the Laboratory of Plant Physi- 
ology at the Johns Hopkins University dealt with 
the influences of all phases of the environment 
temperature, radiation, atmospheric and soil mois- 





ture and oxygen composition of the atmosphere, air 
movement and salt content, other dissolved or 
colloidal substances, and value of the 
soil or nutrient solution—on the major plant pro- 
cesses, transpiration, respiration, absorption, photo- 
synthesis, germination, growth, configuration, 
vigor, pathology, development, and distribution of 
plants. Much attention was paid to the dynamic 
aspects of the environment, the rates at which sub- 
stances or energy are made available to plants and 
at which plants absorb, transform, and utilize them. 
Physical and chemical properties of environmental 
phases were studied apart from their relations to 
plants in many instances, and practical applications 
to agriculture, horticulture, and forestry received 
considerable attention. A list of publications from 
the laboratory, from 1909 to his retirement to the 
status of emeritus professor in 1940, by Professor 
Livingston and his students and associates, in- 
cludes 285 titles, six of which were those of books 
containing 360-979 pages. Those who worked or 
studied in his laboratory numbered 137, and of 
these, 28 received the Ph.D. degree from the Johns 
Hopkins University with him as their major pro- 
fessor, 

Professor Livingston’s energies were extended 
to the dissemination of knowledge by means other 
than teaching, lecturing, editing, and writing. He 
was active in the affairs of the American Associa- 
tion for the Advancement of Science throughout 
most of his professional life; he was its permanent 
secretary (1920-31), general secretary (1931- 
34), member of the Executive Committee (1920- 
46), and chairman of the Executive Committee 
(1941-45). During his service as permanent sec- 


osmotic 


retary, he began several activities to increase the 
value of the Association to its members, among 
which were the publication of the Preliminary An- 
nouncement, Reports of the Annual Meetings, and 





periodic Summarized Proceedings. He is gi 


credit by his associates for placing the fina1 
affairs of the Association upon a secure basis, 
for introducing or developing general sessions 
popular lectures, as well as the Exhibitions, pres A 
services, Association Prize, secretaries’ confereic 
Academy conference, and General Progran 
features of the Annual Meeting of the Associat 
He was active in the American Society of P -_ 
Physiologists from the drafting of its constitu 
and the organization of its financial program 
which he played a conspicuous part, to the en 
his life. He was its president in 1934, was ele: 
its first Barnes Life Member, and was awa: 
its Stephen Hales Prize in 1946. Other societic 
which he was a member and to which he cont 
uted energies and resources were the National 
search Council; the American Philosophical $ 
ciety; the Botanical Society of America; 
Ecological Society of America; the American S 
ciety of Naturalists, of which he was president 
1933 ; the American Academy of Arts and Sciences 
of which he was a Fellow; and the honor societi 
of Sigma Xi and Phi Beta Kappa, the latte: 
which he served as a member of its editorial boa: 
He died on February 8, 1948, one day befor 
the seventy-third anniversary of his birth. H: 
survived by his second wife, the former Marguerit 
A. Brennan Macphilips, to whom he was marri 
in 1921, and with whom he collaborated throug ca 4 


out their married life, in the production, standat wan 
ization, and distribution throughout the world way, 
porous porcelain atmometers, cones for measu fur t 
ing the moisture-supplying power of the soil, ai with 
autoirrigators, as well as in other phases of |! in pl: 
work, studies, and travels. His life is a dist of th 
guished example of what the traditional America Maie 
family, home, and educational environment trail 
capable of producing. S tinen 
old. 
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A FAMOUS WILDERNESS HIGHWAY 


KARL VER STEEG* 


Professor Ver Steeg (Ph.D., Columbia, 


Wooster since 1923 and is now head of the Department of Geology there. Hé 


1930) has been 


teaching at the ( llege of 
became 


interested in the Grand Portage while working on a problem in geology in northeastern 


Minnesota, and carried out the field work 


in the summer of 1946 under a grant from 


the William H. Wilson Research Fund 


EARLY one hundred and fifty years ago 
the Grand Portage, one of the oldest and 
most important highways in North Amer- 

ica, was abandoned. Today, deer, bear, and moose 
) wander across the route of this ancient forest high- 
) way, which was once used by thousands of Indians, 
jfur traders, and voyageurs. It is now overgrown 
i with vegetation, but one can still trace its course, 
) in places, by the depressions worn by the trampling 
(of thousands of feet in the moss and forest duff. 
} Majestic pines, spruce, and white birches line the 
i trail over which passed the traffic of half a con- 
i tinent. In this wilderness the names are centuries 
fold. 

The geological and geographical factors responsi- 
| ble for the Grand Portage are interesting examples 
} of the effect of surface features on human activities. 
/A study of the map reveals the Pigeon River 
flowing in an easterly direction from the site of 
sold Fort Charlotte. This crooked stream flows 
nearly 20 miles to reach a point only 12 miles 
distant as the crow flies. Below Partridge Falls, 
the Pigeon River has deep, steep-walled, rocky 

* The author is indebted to Drs. G. M. Schwartz and F. 
F. Grout, Geology Department, University of Minne- 
sota, for the loan of manuscripts. Other source material 
was The Story of the Grand Portage (Solon J. Buck: 
Minn. History Bull. 5, 14-27, 1923) and The Voyageurs’ 
Highway (Grace Lee Nute: Minn. Historical Soc.). 
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gorges; one of these, Split Rock Canyon, is spec 
tacular. The 
Superior is interrupted by many falls and rapids; 


lower course of 20 miles to Lake 
the largest is High Falls (90 feet). 
Bordering Pigeon River on both sides is rugged 
t 


land 1S 0O 


country; on the Canadian side the 
mountainous and the distances are too great for 
portaging to be practicable. It is almost impossible 
to navigate the lower Pigeon River by canoe or 
boat and equally difficult to find a good portage 
above it. Grand Portage Bay extends so far back 
into the southwest-trending shoreline of Lake 
Superior that the distance to the Pigeon River 
above the falls and rapids is considerably shortened. 
Along Pigeon River the distance is 20 miles and 
difficult to traverse, whereas the more direct route 
by way of the Grand Portage 1s less than 9 miles. 
The region back of the village of Grand Portage 
and in the immediate vicinity is also rugged, the 
ridges being high and steep-sided, often with bluffs. 
These hills, which stand hundred feet 
above the level of Lake Superior and the adjacent 
valleys, look almost like mountains and form a 
nearly continuous, impassable barrier in an east 
west direction. There is a series of deep, broad 
gaps through the ridges directly in line with the 
village. These gaps afford a gradual and rather 
low gradient from Grand Portage Bay to Pigeon 
River below Partridge Falls near Fort Charlotte. 


several 


39 





I found the walk along the trail not difficult as 
compared with portages having steep ascents over 
rocky outcrops. With the exception of local undula- 
tions—usually of gentle gradient—the trail is a 
gradual ascent from Grand Portage Bay through 
the gaps in the ridges. In the first 1.6 miles from 
Lake Superior, the rise is about 211 feet per mile ; 
the remainder of the distance to Pigeon River has 
an average gradient of about 40.5 feet per mile. 
Thus, most of the rise takes place in the first few 
miles from Grand Portage Bay. Occasionally, 
muddy and swampy conditions after heavy rains 
inake the portage more difficult. 

The characteristic topography of the area north 
of the village of Grand Portage extends well beyond 
Pigeon River into Canada and westward for 55 
miles to Gunflint Lake. It consists of a belt of 
ridges stretching for the most part in a nearly 
east-west direction, having a northeast-southwest 
trend in the area north and northwest of Grand 
Portage Bay (black lines, Map, p. 39). 

The area through which the Grand Portage trail 
passes is underlain by two main types of rock, 
widely different in their resistance to erosion. The 
weaker rock is the Rove slate, of Upper Cambrian 
(Animikie) age. This formation was intruded by 
sills and dikes of diabase of Keweenawan age. 
Where the intrusions cut across the slate beds ver- 


HIGH FALLS, ON PIGEON RIVER 





tical walls, or dikes, were formed. The formations 
have been folded, and the slate beds and di; 

sheets now tilt at a gentle angle (5°-15°) to 

Lake Superior. The topography developed on rock, ; 
of unequal hardness, having a dip in one dire 
(monoclinal) toward the south and striking 

N. 70° E., or nearly east and west, is that 
series of parallel unsymmetrical ridges with th 
steep side facing the north and long gentle 
slopes to the south. This topography resembles vest 
the Appalachian Ridge and Valley surface feature: rout 
the only difference being that it is on a smaller ridge 





scale, and the prevailing dip of the hard rock beds alm 
which constitute the ridges is mainly in one direc It 
tion and averages lower. 

The valleys have been modified by glaciatio rea 
which scoured the ridges to some extent and de that 
posited debris in the valleys, thus changing th the 
preglacial drainage from streams to chains of lakes iy 
running parallel to the ridges. Following the reces Port 
sion of the ice sheet, the streams for the most ants | 
part followed new courses and postglacial gorges f tl 
were cut. In places, water gaps cut by transverse the 
streams through the ridges in preglacial time were have 
abandoned, the streams taking new courses as a “Hia 
result of glaciation. the 1 

Two broad, open notches in the diabase ridges to th 
are present within 1.5 miles of Grand Portage and of hi 
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er in the ridge immediately to the north of 
illage, 2.5 miles from Lake Superior. A fairly 

stream must have occupied these gaps in 
acial time. The present stream flowing through 


saps, Grand Portage Creek, is a misfit, a small 


slacial stream occupying a large valley, the 
rmer site of a much larger river. 
Beyond the last important gap, about 2.5 miles 
| Grand Portage Bay, the trail turns to the 
vest and in a broad curve follows an almost level 
ute on the back slope of a gently dipping diabase 
avoiding the great swamp that extends 


ridge, 
almost directly eastward from Fort Charlotte. 
It appears that Grand Portage trail follows a 
natural route connecting Lake Superior with the 
creat chain of interior lakes to the northwest and 
that it was a preglacial river course cut through 
the gaps in the ridges. 

The present inhabitants of the village of Grand 
Portage number about 300 and are mainly descend- 
ants of the Chippewa (Ojibway ) Indians, survivors 
f the once-powerful, warlike tribe that occupied 
from time immemorial. These Indians 
have been immortalized in the famous poem 
“Hiawatha.” Longfellow went to the wilderness of 
the north shore of Lake Superior for his hero and 
to the Kalevala, an old Finnish epic, for the form 


the site 


of his poem. 
Not far from Grand Portage, at a spot on Hat 


CHIPPEWA MEDICINE MAN 
ALEX POSEY, SOMETIMES CALLED MA-MUS-QUASH. 
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MIKE 
\ HEREDITARY CHIEF OF THI 
ABOVE THE PRESENT 


FLATT 
CHIPPEWAS. HIS LONELY CAB 


IN IS JUST VILLAGE OF GRAND PORTAGE 
Point overlooking Wauswaugoning Bay, stands the 
celebrated Witches’ Tree, on a rock pedestal rising 
(Gitchi 


legend relates that this old gnarled cedar is in- 


from Lake Superior Gummi). Indian 
habited by an evil spirit having the form of a 
dark-brown, eaglelike bird. The Indians avoided 
it as a symbol of bad luck. Today, this noble old 
tree, which probably antedates the earliest explora 
tions in the region (it is believed to be four hundred 
vears old), stands with its roots firmly embedded 
in cracks in the rock, like a sentinel breasting the 
strong winds of Lake Superior. 

History tells us that the fierce Sioux Indians 
first occupied the forests of Minnesota and tha: 
they were driven out by the Chippewas during 
long generations of warfare. The Sioux then be- 
came Plains Indians, and the Chippewas continued 
to be forest dwellers. The Grand Portage and the 
border lakes area to the west were the sites of 
many battles between the Sioux and the Chippewas 

One of the remarkable landmarks of this region 
is Picture Rock, overlooking Crooked Lake on the 
Voyageurs’ Highway. This rock was described by 
Alexander Mackenzie, the celebrated explorer and 
trader of the North West Company, who passed 
along the Grand Portage route about one hundred 
and sixty years ago. Its smooth face was split and 
cracked in different parts, and into one of its 
horizontal chasms, he remarks, “A great number 
of arrows have been shot, which is said to have 
been done by a war-party of Sioux who had done 
mischief in the country and left their weapons as a 
warning to the Chebois [Chippewa ].” 











RECONSTRUCTED STOCKADE AND HEADQUARTERS OF THE NORTH WEST COMPANY) 


GRAND PORTAGE ISLAND AND HAT POINT IN THE DISTANCE. 


The Grand Portage was used by the Indians for 


generations before the advent of the white man. 
It was the shortest distance between Lake Superior 
and the Great Lakes region and the far North- 
west. The Indians called the trail Kitchi Onigum, 
meaning “Great Portage.’ The French, the first 
white men to pass over it, called it the “Grand 
Portage” or “Long Carrying Place,” because of its 
length (8-9 miles). The trail begins at the water’s 
edge on Lake Superior, where the fort and stock- 
ade of the North West Company were located, 
and winds up a long slope back of the village of 


Grand Portage to the cabin of Mike Flatt 
Chief of the Chippewas. This interesting « 


dian possesses medals, uniforms, and a British fi 


presented to his ancestors. 


From Mike’s lonely cabin the trail leads thro 


the forest to Fort Charlotte on Pigeon k 


Ruins are all that remain of this famous rendez 
used by Indians, fur traders, and voyageurs duri 


the French and British regimes. From | 


Charlotte the route, appropriately called the “Vo. 
geurs’ Highway,” leads westward over the chai 


lakes that includes Gunflint Lake, Lake Saga: 


VILLAGE OF GRAND PORTAGE TODAY 


THE GRAND PORTAGE TRAIL PASSES THROUGH THE FORESTS IN THE BACKGROUND, 
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roix, Rainy Lake, and Lake of the Woods 


s » Winnipeg, from which the voyageurs 
scattered far and wide to their respective trading 
posts—to Hudson Bay, Assiniboine, Saskatchewan, 
Peace River, Lake Athabaska, and even to Great 
Slave Lake, Oregon, and the Pacific Coast. 


Grand Portage was the first town and trading 
post Minnesota, its activities preceding the 
earliest white settlement in_ that 
generations. As early as 1767 it was an important 
rendezvous and trading post, and at the time the 
Declaration of Independence was signed it was a 
busy emporium, the center of the Northwest fur 


state by two 


trade. 

Over the Grand 
celebrated characters of the early period of explora- 
tion. First came the Chippewas, Cree, and Sioux, 
then the French, English, Scotch, Yankees, and 
zovageurs. From the far-flung reaches of the great 
Northwest wilderness, as far away as the Pacific 
Ocean, Mackenzie River, Hudson Bay, and the 
Canadian Rockies, came the furs to the great 
North West Company. The Northwesters were, 
in fact, the men who explored the northern two 
thirds of the continent. They traced routes to the 


Portage trail passed many 


Arctic and the Pacific. They discovered the passes 
through the Canadian Rockies. Storms, hostile 
Indians, conspiracy, violence, murder, and illness 
took their toll of these adventurous explorers and 
fur traders. 

Radisson and Groseillers, in 1665, were probably 
the first white men to know of the Grand Portage. 
Other great explorers who passed over it were 
Sieur de la Verendrye (1791), the French ex- 
plorer, and Alexander Mackenzie (1789), the 
fur trader of the North West Company who dis- 
covered the Mackenzie River and reached the 
Pacific Ocean in his search for a northwest pas- 
sage. He was the first white man to cross the con- 
tinent in northern latitudes. David Thompson, 
astronomer, explorer, and trader, said by com- 
petent authorities to have been the greatest practi- 
cal land geographer the world has ever known, 
arrived at Grand Portage in 1797. The North West 
Company employed him to follow the 49th parallel 
and determine the location of the company’s trading 
posts. This intelligent man mapped a large area 
in the northwest wilderness under difficult condi- 
tions. In 1822 he returned to Grand Portage to 
serve as the British member of the International 


‘Boundary Commission. 


Dr. John Bigsby, a member of the David 
TI x _ vie . — 
thompson party, served as an artist and physician. 
‘He gave us our first authentic pictures of the 
border lakes, and his sketches of the Indians along 
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the route valuable contribution to 


historical records. 


canoe are a 
He was secretary of the Inter 
national Boundary Commission. 


The North West 


was organized in Montreal in 1784. It dominated 


celebrated Fur Company 
the shores of Lake Superior with relentless sever- 
ity, expelling all other traders ; its men were “Lords 
of the Lake.” The story of the North West Com- 
pany is one marked by despotism and immorality, 
as well as by adventure and courage. The traders 
the 
wealthy from the profits derived from the rich 


debauched natives and became immensely 
cargoes of furs. They monopolized the fabulous 
fur trade of half a continent. 

The X Y Company was organized by wealthy 
men who had been excluded from the North West 
Company. The jealousy, violence, and murder 
that followed were finally ended when the two com 
panies merged. The North West Company also 
warred with the Hudson’s Bay Company, and the 
same violence and bloodshed marked their com 
mercial competition. They destroyed one another's 
forts and trading posts and shot one another’s 
agents. This bitter feud was carried to the courts 
and to Parliament and was finally ended by a 
compromise and consolidation in 1821. 

The end of the period of French domination in 
the Grand Portage and border lake region came 
Canada in 1760 to the British. 
the French and Indian wars, 


with the loss of 
Up to the time of 





traders pushed to great distances into the appar- 
ently boundless Northwest. In 1761 and 1762 
sritish traders arrived at Grand Portage, only to 
find the Indians very hostile, since they did not 
welcome the British as substitutes for the French. 
The next year Pontiac’s Conspiracy and the mas- 
sacre of the British garrison at Mackinac caused 
the cessation of British trade in the Northwest until 
1765. From then on, however, the English dom- 
inated the Grand Portage and the boundary lakes 
region until 1796, when the post at Mackinac was 
occupied by American troops. It was rumored that 
at Grand Portage revenue agents would collect 
duty on British goods entering the United States 
there. The North West Company found another 
route to the interior by way of Kaministiquia 
River and erected new headquarters at Fort Wil- 
liam at its mouth. The X Y Company remained at 
Grand Portage until it merged in 1804 with the 
North West Company. The Grand Portage trail 
was then abandoned. 


Tue fur trade introduced the white man’s 
luxuries to the Indians. Brandy, rum, and wine 
constituted the wet goods; guns and ammunition 
came next in importance, then dry goods, hard- 
ware, and trinkets. Beaver skins were the most 
important of the furs; in fact, the fur trade was 


sometimes called the “beaver trade.” The barons 
who controlled the North West Company lived 
in splendor at Montreal and Sault Ste Marie. 
At Grand Portage, their western headquarters, 
the furs were gathered, baled, and shipped to Mon- 
treal, at that time the great fur market of the con- 
tinent. The workers in the fur trade at Grand 
Portage were nearly all Canadian, French, or 
French half-breeds. Those of French extraction 
were known as coureurs de bois (“rangers of the 
woods”) or voyageurs (“travelers’” or “canoe 
men’), They worked for a body of Scotch super- 
intendents and owners, businessmen who organ- 
ized the fur trade, sorted furs, and purchased 
goods. These courageous and industrious men 
constituted the North West Company. 
Throughout the months of July and August, 
Grand Portage was a scene of great activity. 
Goods for trade came in fleets of canoes from 
Montreal, accompanied by officials of the North 
West Company, who met other traders coming 
from the northwest wilderness. The annual meet- 
ing was held, and arrangements and agreements 
made for the following winter. Over hundreds of 
lakes and portages, through wild rapids and cata- 
racts, came the birchbark canoes loaded with furs. 
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In the canoe yards of the North West Con 
many as 75 of these canoes were construc 
nually for the fur trade, since they were t 
practical mode of transportation for that pi 

As many as 3,000 men—voyageurs, | 
officials, and traders—congregated in and 
the fort and stockade at Grand Portage. F 
supplies were interchanged, pelts were sorted a 
baled, and accounts were settled. Then there was 
grand frolic: gallons of rum were issued, and th; 
strains of the violin and the skirl of the bagpj; 


ARTIST’S SKETCH OF A VOYAGEUR 


were heard from morning till night. In the grea! 
banquet hall, 60 feet long, tables groaned with tht 
weight of game and fish. The dancing lasted ti! 
morning. At least 1,500 people of both sexe: 
assembled at the celebrations, and 100 large an 
200 small canoes were moored in the navy yatt 
At the banquets, financial tycoons from Montrea 
ate and drank side by side with the half-breed: 
voyageurs, and the untamed Crees and Chippewa: 
from the far Northwest. Such were the scenes @ 
Grand Portage at the time of the signing of the 
Declaration of Independence. 
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HUNGRY JACK LAKE 
ON THE VOYAGEURS’ HIGHWAY TO THE GREAT NORTHWES 


During July and August the North West between Fort Charlotte and the eastern end of the 
Company employed as many as 500 men at Grand _ trail. The round trip of almost 17 miles was accom 
Portage. Supplies and furs had to be transported _ plished in about six hours. The size of the burdens 


do 


LOON LAKE 


ALSO ON THE VOYAGEURS HIGHWAY 








carried across the portage by the voyageurs 1s 
almost unbelievable. Two, and sometimes three, 
bales of furs were carried on each trip, and an equal 
weight in supplies on the return journey. During 
wet weather there were places where the men 
waded knee-deep in the slippery mud. In Septem- 
ber, the traders shouldered their canoes and, by 
way of the Grand Portage and the great chain of 
interior lakes to the west, scattered throughout the 
Northwest for another winter. 

The most interesting characters of the fur- 
trading days were the coureurs de bois. These 
eighteenth-century bush rangers forsook the: 
homes and families and took to the woods to engage 
in the beaver trade. The movement became so 
general that whole communities were virtually 
deprived of their male population, and much 
destitution resulted. Adventurous youths, and 
even soldiers of the regular garrison, took to the 
forest and lived the free life of the Indians, trading 
with them and often marrying among them. 
Always loyal to the French, their alliances with the 
Indians gave them great ascendancy over the 
savages and kept the natives friendly to the French. 

The voyageurs were the pioneers of commerce 
on Lake Superior. Mostly French or Briilés (“half- 
breeds”), these swarthy men were truly the heroes 
of the canoe. A better canoe man than the Indian, 
the voyageur handled a canoe in the rapids and fast 
water with phenomenal skill. His ability to live in 
the wilderness, make canoes, erect forts, manage 
sled dogs, and procure furs made him the mainstay 
of the fur trade. 

For generations, the canoe songs, which were 
folk songs inherited by the French Canadians 
from the French of the Loire Valley, were heard 
along the shores of Lake Superior. It was a great 
sight in those days to see a fleet of canoes with the 
oars moving in cadence with one of the rollicking 
folk songs. The voyageurs were polite, jocular 
fellows who worked hard and took orders well, 
but who nevertheless assumed little responsibility 
and, on the whole, took life easily. Fickle, reckless, 
and immoral though they were, they were liked by 
the Indians, especially the Indian women. 

Pemmican was the main item of food for the 


fur trader. This concentrated food was ma 
dried buffalo meat, into which were powid 
dried berries and marrow fat; the whol 
packed in a rawhide bag. It was put up w 
salt so it could be eaten without producing 
Pemmican, made at prairie forts in the b 
country of western Canada and shipped by 
made Grand Portage and the fur trade po 
In his mode of dress the voyageur was | 
esque ; he loved vivid colors. His cap was of brig 
red woolen material; his shirt was short, 
either of buckskin or woolen cloth. He wore ; 
of deerskin leggings, which reached from his a 
to a little above the knee and were held wy 


thongs attached to a belt about his waist. 


wore a breechcloth like that of the Indians, a1 
his feet he wore moccasins without stockings 
thighs were bare. His coat, with hood atta 
was of some gaudy color—often blue. To comple: 


the costume, he tied a brightly colored sash abou: 


his waist. A beaded or otherwise ornately dec 
rated bag hung from the belt in which he carri 
his pipe and tobacco and other objects. 


These men performed the almost incredible fea: 


of crossing and recrossing the continent in bire! 
bark canoes in a single season. They would start 
a canoe from the Columbia River on the Paci 
Coast in April and, by threading their way throug 
rivers and lakes over hundreds of portages, shoot 
ing the rapids, portaging over mountains wit! 


H 


halt in fair weather or foul, sleeping only fou 


hours in twenty-four, they would reach Gra 
Portage on Lake Superior by the first of Ju 
with the regularity of a steamboat. Return 
across the continent with equal precision, 
would arrive at Fort George at the mouth oj t! 
Columbia by the twentieth of October. 

Today, only the lapping of the waves on 1! 
shores of the beautiful lakes and the whisper | 
the pines and birches break the silence of 
wilderness where once rang the shouts and ga 
songs of the fur traders. All that remains to remm 
us of the exploits of these sturdy men of the Nort! 
west are the traces of their trails and portages a! 
the ruins of their forts and stockades along 
Voyageurs’ Highway. 
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SCIENTIFIC AND TECHNICAL ENLISTED MEN 
IN THE ARMY 


MARSH W. WHITE 


Professor White (Ph.D., Penn State, 1926) has been teaching at his alma mater since 

1927 and has been professor of physics there since 1942. During 1944-45 he served as 

Expert Consultant in the War Department and, in 1945-46, to the Secretary of War. He 

is now Consultant on Scientific Manpower, General Staff, U. S. Army. Author of several 

books, his latest is College Technical Physics, 1 which he collaborated with R. L. Weber 
and K. V. Manning (McGraw-Hill, 1947) 


HIS article is a brief report of the activities 

of the Technical Detachment, an organiza- 

tion established during the latter part of the 
recent war by the War Department for the prefer- 
ential selection, assignment, and utilization of en- 
listed men who were professionally qualified for 
scientific and technical duties. Data are presented 
showing the ages, marital status, fields of speciali- 
zation, academic degrees, work prior to induction, 
and the branches of the service to which assign- 
ment was made. 

During the spring and summer of 1944 the 
needs of the armed services for additional person- 
nel resulted in the induction of an increasingly 
large number of professionally qualified scientific 
and technical personnel, many of whom had pre- 
viously been given a deferred status by Selective 
Service. This situation became a matter of great 
concern to both civilian and military groups 
charged with the responsibility for research and 
development of military devices and techniques. 
After consideration of a number of possible solu- 
tions to the problems presented by this situation, 
the War Department on August 30, 1944, directed 
the establishment of a Technical Detachment. Re- 
sponsibility for the procedures for the organiza- 
tion and administration of the Detachment was 
placed in the New Developments Division, War 
Department Special Staff, Brigadier General Wil- 
liam S. Borden, Director. On May 1, 1946, the 
Research and Development Division, War Depart- 
ment General Staff, with Major General H. S. 
Aurand as Director, succeeded the New Develop- 
ments Division. At present, this unit is designated 
the Research and Development Group, Logistics 
Division, General Staff, U. S. Army. 

The major objective of the Technical Detach- 
ment was to ensure the directed assignment of pro- 
iessionally qualified scientific and technical person- 
nel upon their induction into the Army or to re- 
assign men already in the service when it was 


learned that they were not being utilized in their 
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technical capacities as fully as they might be. By 
locating places in the research and development in 
stallations having a need for technically qualified 
enlisted men, the Technical Detachment acted to 
conserve the skills of such personnel and made pos 
sible their exploitation in the development, testing, 
and application of the newest devices under devel 
opment by the Army. The Technical Detachment 
was admittedly an experimental approach to the 
problems involved in the individually directed as 
signments of scientists and technical personnel 
with rare skills inducted into the Army. It was 
hoped through the functioning of the Technical De 
tachment to ensure their effective utilization in the 
Zone of Interior laboratory installations and on 
teams for the introduction of newly developed de 
vices into the theaters of operations. 

In the first few months following the establish 
ment of the Technical Detachment, assignments 
were limited to men who, as civilians, had partici- 
pated in the development of special devices for 
military use. Later this limitation was eased to 
provide for the inclusion of those who, by educa- 
tion and experience, were peculiarly qualified for 
such work, even though they had never had actual 
research experience in these fields. Standards of 
minimum qualifications for assignment to the 
Technical Detachment established. These 
varied considerably, depending upon the needs of 
the services and the relative scarcity of various 


were 


professional groups. For example, physicists were 
among the scarcest and the most desired, where 
as certain kinds of chemists were relatively numer 
ous and at the same time not in great demand 
Some types of engineers qualified for research and 
development, particularly in electronics, were es- 
pecially needed. The Technical Detachment did not 
concern itself with the directed assignment of con- 
ventional production engineers or nonprofessional 
technicians. 

During the early period of the Technical De- 
tachment, candidates for consideration were ob 











tained from information received from the Na- 
tional Roster of Scientific and Specialized Person- 
nel, the Office of Scientific Research and Develop- 
ment, the Office of Scientific Personnel of the Na- 
tional Research Council, and from individuals, re- 
search organizations, industries, and collegiate in- 
stitutions. Arrangements later were made whereby 
Army-wide screening of all inductees was con- 
ducted at reception centers in order to identify 
men of the desired technical qualifications. Enlisted 
men thus located were earmarked as Technical 
Detachment potentials while their qualifications 
were carefully examined during the period of their 
basic military training. For each such man the data 
obtained from Army personnel records, the Na- 
tional Roster files, and other sources were made 
into a complete personnel file. Then, in view of the 
current needs of Army research and development 
installations, a directed assignment was ordered 
for all men found to be properly qualified. These 
assignments were reviewed and approved by a 
high-level Committee on the Assignment of Scien- 
tific and Technical Personnel in the Army. This 
Committee included representatives from the in- 
terested staff divisions of the War Department 
and from the personnel sections of the Army Serv- 
ice Forces, Army Air Forces, and Army Ground 
Forces. The Committee had complete authority to 
assign and transfer any qualified enlisted man in 
the Army. 

It was recognized that the problem of proper 
utilization after assignment was a difficult and 
continuing one. To minimize improper placement 
originally, no man was assigned unless a specific 
request for his type of skill had been received. To 
assist in ensuring that the men would not be di- 
verted to nontechnical duties after their original 
assignments, the orders transferring all men as- 
signed by the Technical Detachment contained the 
following directive: 

Subject enlisted man has been selected because of his 
education and qualifications for scientific and technical 
work in the Army. He has been classified as a critically 


needed specialist and will be assigned only to duties which 
will make full utilization of these qualifications. 


In spite of efforts to ensure satisfactory utiliza- 
tion of men assigned through the Technical De- 
tachment procedures, it is probable that after the 
completion of their initial tasks many of the duties 
given to some of the men were not such as to re- 
quire highly technical competence. Some _ spot 
checks were made to determine the degree of ef- 
fectiveness with which the scientific skills of these 
men were being exploited. The men themselves 
frequently notified the New Developments Divi- 
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TECHNICAL DETACHMENT ASSIGNMENTs 
SEPTEMBER 1944 THROUGH Marcu 1947. 
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sion concerning their work, particularly when thei 
duties did not seem to be of a sufficiently technica 
nature. Many of the Technical Detachment me: 
were assigned to an installation on a 60- to 90-day 
temporary-duty basis. At the end of these periods 
the commanding officers had to justify their re- 
quests for an extension of the assignments, thu: 
securing a review of duties to which the men had 
been assigned. In general, it is believed that most 
of the men were satisfactorily utilized in the 
technical specialties, but some undoubtedly wer 
eventually diverted from research and develo 
ment work to less scientific duties. 

The Technical Detachment began operations 1! 
September 1944 and was discontinued in Marc! 
1946, when the induction of scientists under Selec- 
tive Service ceased. During this period, the quali 
fications of some 2,500 men were critically exam 
ined and directed assignments were made for about 
1,800 of this group. Those assigned by the Tech- 
nical Detachment procedures included 1,056 sing! 
men (63 percent) and 614 married men (37 pe 
cent). In age, the men ranged from twent) 
thirty. Of 1,790 men, 19 percent were betwee! 
twenty and twenty-three ; 17 percent were twent) 
four; 17 percent, twenty-five; and 47 percent 
were between twenty-six and thirty. 

The professional occupations of the Technical 
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iment assignees prior to induction are shown 


> 
in lable 1. In civilian life, 2 percent had been en- 
paged in teaching ; 9 percent in research of various 


kinds; 59 percent in industry (in both production 
research) ; and 7 percent had been students. 


TABLE 1 
PIpLD OF SPECIALIZATION No. OF MEN Pes... 

Chemical engineering 326 18 
Biological chemistry 41 Z 
Organic chemistry 203 11 
Physical chemistry 33 2 
Inorganic chemistry 92 5 
Electrical engineering 17] 10 
Aeronautical engineering 166 9 
Civil engineering 31 2 
Mechanical engineering 516 29 
Metallurgy 28 Zz 
Phy SICS 89 5 
Mathematics 35 2 
Zoological sciences 17 1 
Miscellaneous 36 2 

Total 1,784 100 





Out of 1,607 men, 3 percent held the Ph.D. de- 
gree; 8 percent, the M.S.; 10 percent, the B.A.; 
and 79 percent, the B.S. Table 2 shows the num- 
bers of men assigned by the Technical Detachment 
to the various arms and services in the Army. 

The lessons learned from the operation of the 
Technical Detachment during World War II 
should provide a partial basis for planning for the 
mobilization of scientists in the event of another 
national emergency. The Research and Develop- 


TABLE 2 


\SSIGNMENT No.OF MEN aoetes 

Signal Corps 106 6 
Ordnance 185 10 
Chemical Corps 280 16 
Engineers 130 7 
Quartermaster 101 6 
Medical 90 S 
Army Air Forces 728 40 
Army Ground Forces 100 6 
Others (Manhattan District, etc.) 73 4 

Total 1,793 100 


ment Group of the General Statf, United States 
Army, is cooperating with the Navy, Air Force, 
and a number of civilian organizations in prelimi- 
nary work which looks forward to the develop- 
ment of an over-all plan for the effective alloca- 
tion and utilization of all scientists before and dur 
ing periods of war. Such a comprehensive plan 
contemplates the establishment of legislative au- 
thority and administrative mechanisms that will 
be essential in the implementation of the plan. 
The plan will probably provide that the bulk of 
scientists qualified for research and development 
activities shall remain in civilian status for work 
in OSRD-type organizations and in the laborato- 
ries of universities, industries, and the armed serv- 
ices. For the relatively small group that will be 
inducted into the Army an organization molded 
along the lines of the Technical Detachment may 
be included in the plans for mobilization on M 
Day and later. 
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IMPOTENCE PRINCIPLES IN MODERN PHYSICS 


R. B. LINDSAY 


Professor Lindsay (Ph.D., M.1.T., 1924) was an American-Scandinavian Fellow in 

Denmark in 1922-23. He was on the Yale faculty from 1923 to 1930, when he became 

associate professor of theoretical physics at Brown University. For the past fourteen 
years he has been chairman of the Department of Physics at Brown. 


HE interest of the distinguished British 

applied mathematician Sir Edmund Whit- 

taker in problems of physical methodology is 
too well known to require much comment. His 
essays in Nature and in the Proceedings of the 
Royal Society of Edinburgh are always well 
thought out, historically well documented, and very 
stimulating. Would that more mathematically 
minded people were so enlightening! 

In a presidential address to the Royal Society of 
Edinburgh in October 1941, Whittaker discussed 
“Some Disputed Questions in the Philosophy of 
the Physical Sciences” and in the course of his 
address paid particular attention to those postu- 
lates or principles in physics which state categor- 
ically our inability to carry out certain processes 
that are not intuitively impossible. For such state- 
ments he introduced the name “postulates of im- 
potence.”” They might just as well be called “postu- 
lates of renunciation.” We are all familiar with 
examples. 

Thus, there is the second law of thermodynamics, 
which tells us in one of its several modes of for- 
mulation that it is impossible for any self-acting 
machine continuously to convey heat from one 
body to another of higher temperature. Or, again, 
it is impossible for energy transfer between material 
systems to take place at a velocity greater than that 
of light in free space, a postulate closely connected 
with the theory of relativity. In quantum mechanics 
we learn from the so-called principle of indeter- 
minacy that it is impossible to make simultaneous 
measurements of the position and momentum of a 
particle with the same degree of precision. And so 
we might go on with the list, even including one or 
two ancient renunciations, such as that it is impos- 
sible to raise water more than 34 feet by means of 
a lift pump, or that it is impossible to raise oneself 
by one’s own bootstraps ! 

Such expressions of human impotence both in 
the realm of the practical and that of the abstract 
have a peculiar fascination, and the theoretical 
structures in which they have a place have always 
seemed to possess a mystery not shared by others 
in which the postulates have a more affirmative 
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ring. Inevitably, a renunciatory § statemer 
science like physics, a statement that “you 

do thus and so,” provides a challenge whi 

rally provokes effort to show that after al 

be done. We all know the history of this in 

of the second law of thermodynamics ai 
many persons have tried to disprove the pi 

by direct experiment, 1.e., by the constru 
successful perpetual-motion machines of the 
kind. From a practical standpoint, it might 

that this has been a sheer waste of time and 
this has been an unfortunate effect of the stat 
ment of the second law in the form of an impote: 
principle. On second thought, we might, howeve 
conclude that all this essentially futile experiment 
tion has really been a good thing, since there 
always the chance that some ingenious mechan! 
device will come out of it. This has certai 
happened in the case of perpetual motion 
first kind in the production of so-called self-wi 
ing clocks, etc. The trouble is that, swayed by the: 
conviction of the validity of the impotence post 
late, most professional scientists are disinclined 
look into the mechanical aspects of so-called | 
petual-motion devices, and dismiss them 
hand as idle violations of the postulate. 

More important for our present consideratio: 
the theoretical standing of renunciatory principles 
Whittaker is sufficiently impressed with the t! 
retical importance of impotence postulates to vis 
alize a future day when any field of physics 
be developed along the same methodological | 
as Euclid’s geometry with impotence postulat 
as the a priort principles and with all the relevar 
physical laws obtained therefrom by  syllogistc § "sar 
reasoning. I am not a prophet and Whittaker 1 
be right, but I should like to examine somew! 
critically his point of view from the standpoint 
the history and methodolegy of physics. 

We may as well begin with thermodynai 
must at the outset be admitted that scientist 
not been satisfied with the statement of the 
ples of thermodynamics in impotence forn 
is well illustrated indeed by the history 
first law. This, of course, can be expres 


amon. 


nari? 
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ry form as the impossibility of produc- 

tual motion of the first kind, 1e., the 

ity of constructing a machine that will 
continuously without receiving energy 
external source. Actually, it has been 
eferable to state this in positive form, 

in that in all the interactions of physical 
stems the total energy in the universe remains 
When we reflect that the definition of 

-sy in theoretical physics is based on the ex- 
tence of a particular invariant of the motion of 
lynamical system resulting from a first integra- 
n of the equations of motion, and that strictly 
Fhe energy does not exist when the integration can- 
t be carried out—1.e., when there is no potential 


‘ynction—we are faced here with a rather paradox- 
ical situation. In no actual terrestrial motion does 
Fit prove possible in all strictness to find a potential 
junction and assign an energy; hence, one might 
uppose that this fact would serve as an excellent 
Hprinciple of impotence. But no such attitude has 
heen adopted ; rather, the idea of energy has seemed 

i such utility and importance that its definition 
has been extended so as to make its conservation 
ne of the keystones of the theory of thermody- 
namics. In other words, the difficulty just men- 
tioned has not led us to renounce the use of the 
energy principle ; it has only encouraged us to ex- 
pand it meaning and extend its significance. 

The history of the second law also indicates a 
more recent desire to get away from the renunci- 
atory element contained in its early formulation. 
On the purely formal level, the introduction of the 
entropy concept by Clausius was an attempt to 
give the principle an affirmative ring and enable 
juantitative conclusions to be drawn from it. Even 
the elementary student must have observed that 
the only way in which one can draw positive con- 
clusions from an impotence statement like the 
second law in its historical form is by means of 
the principle of contradiction. This has long been 
a favorite method of proof of theorems in pure 
mathematics, but it has never found such favor 
among physicists. Even some mathematicians now 
regard it with a jaundiced eye. We may not be 
impressed with the possible utility of multiple- 
valued logics in the development of physical theo- 
nes, but I believe most of us would prefer to 
woid the chains of the excluded middle class as 
far as possible. 

As a matter of history, the introduction of en- 
‘ropy in an attempt to replace the impotence 
implication of the second law by what might be 
called a competence implication has not been 
deemed sufficient. No physicist nowadays feels 


satished with the principle of increasing entropy 
except in terms of the statistical point of view, with 
its emphasis on the probable character of calculated 
results. On this view, we no longer renounce for- 
ever the possibility of finding the uncompensated 
increase in free energy of an isolated system, but 
merely look upon this occurrence as extremely un 
likely in systems of any degree of complexity. Why 
do we find this point of view more satisiving ? 
There are doubtless many reasons, but one of them 
certainly is the removal of the drastic prohibition 
even to think of the possibility of a violation of the 
second law in our universe. It makes it possible 
the 


presented by the Brownian motion and many other 


for us to account for obvious violations 
fluctuation phenomena without subterfuges based 
on the contrast of microscopic and macroscopic. 
At the same time it provides a healthy deterrent 
theologian who might be 


Ss 


to any philosopher or 
inclined to erect a far-reaching metaphysical dem- 
onstration (e.g., the existence of God) on the basis 
of the definitive renunciatory character of the 
second law. This is, of course, wholly aside from 
the value of the statistical method in providing a 
the 
names, in which thermodynamic principles become 
than 


fundamental basis for whole of thermody 


postulates 


H 


deductions rather independent 
Moreover, this also leaves out of consideration the 
power of the statistical method to answer quest‘ons 


about the specific behavior of matter (e.g., 


equa- 
tions of state and problems of energy transport), 
which thermodynamics is quite powerless to tackle. 


THE view that I am propounding here may then 
be set forth briefly as follows: principles of im- 
potence have a certain value in one stage of the 
development of physical thought; they fascinate 
and they provoke thought as to their fundamental 
meaning. But we should never be contented with 
them as the final expression of the content of any 
physical theory. Too firm an adherence to them and 
too close a preoccupation with them may actually 
retard the progress of physics. 

In any consideration of the reasonableness of 
this point of view, we are inevitably faced with the 
necessity of examining what is probably the most 
famous of all principles of renunciation, namely, 
the indeterminacy principle of Heisenberg and the 


associated but more general complementarity prin 
sohr, 
recent years, not merely 


ciple of 30th have achieved prominence in 
among physicists but 
among philosophers and the educated laity. 

The history of the indeterminacy principle in 
quantum theory is an interesting one. It will be 
recalled that, when in 1925 Heisenberg founded 
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his brand of quantum mechanics, the prevailing 
mood in the Copenhagen school of Bohr was one 
of pessimism about the possibility of any further 
success in applying the Bohr quantum postulates to 
mechanical atomic models. Though the broad out- 
lines of the theory of polyelectronic atoms seemed 
well founded, the inability to attain precision in 
calculating the ionization potential of even such 
a simple atom as helium was disheartening. And, 
of course, there were other serious difficulties 
connected with optical dispersion and _ collision 
phenomena. It was then that Heisenberg decided 
to forego the further use of mechanical or space- 
time picture models in which electrons, conceived 
as actual charged particles, were assumed to move 
in definite orbits. His plan was to build an abstract 
mathematical formalism in which the only physical 
quantities entering are directly observable. Rele- 
vant examples are the frequencies and intensities 
of spectral lines. The resulting so-called matrix 
mechanics was remarkably successful in its pre- 
dictions, even though many physicists called it 
formal, abstract, and unpicturesque and therefore 
not understandable by experimentalists accustomed 
to thinking in terms of pictures. To what extent 
Heisenberg was affected by these complaints I do 
not know, but it is a fact that in a famous paper in 
the Zs. f. Physik in 1927 he proceeded to inject 
some Anschaulichkeit into quantum mechanics: the 
indeterminacy principle was the result. 

Why have we reviewed this well-known histori- 
cal background? Simply to emphasize that in the 
straightforward use of quantum mechanics there is 
no need for the indeterminacy principle. Its status 
as a principle of renunciation has thus a different 
basis from that of the second law of thermody- 
namics. It was not discovered as a fundamental 
restriction on physical theorizing in the atomic 
domain from which the theorems of quantum 
mechanics flow as do those of thermodynamics 
from the second law. It is not only unnecessary 
for the application of quantum mechanics to the 
problems for which the theory was designed, but 
may actually be said to have arisen out of a 
violation of the very principles on which the quan- 
tum mechanics was based, namely, the restric- 
tion to observable quantities. This is not to say 
that the principle has been useless, for it has 
certainly served to attract attention to problems in 
the methodology of quantum mechanics. At the 
same time it has misled many. 

Thus the renunciatory element in the indeter- 
minacy principle has been much exaggerated in 
popular accounts. Possibly this is due to the fact 
that its usual presentation stresses the disturbance 
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produced in an atomic system by the atten 
measure any quantity associated with it. T| 
turn is closely related to the disturbing inter 

of any physical measuring device with the syste; 
under measurement. But this is misleading. ( 
ical physics has never questioned the necess 
accounting for the disturbance produced 
measuring instrument on the system being 1 
ured. Thus, the introduction of a voltmer 
across a portion of a circuit changes the ci 
and its reading must be “corrected” if the di 
potential existing before the insertion of the mete: 
is to be obtained. From another point of view, th 
operation of inserting the meter, reading it, a 
making the corrections, taken together, constitu 
what we mean by the concept potential differen 
though we later generalize this by the introductio; 
of more general abstract concepts. The san, 
situation is met throughout physics. It is our hop, 


that the assignment of numbers to these concept. 


can be carried out consistently enough to ena) 
us to test unambiguously in the laboratory th 


deductions of theory. The well-known fact. thar 


laboratory measurements are always given 

terms of sets of numbers to which some sort | 
statistical analysis must be applied in order 1 
obtain a unique answer could lead logically to a 


impotence postulate stating that precise physica! 


measurements are impossible. It has not bee 
thought worth while to introduce such an utte: 
renunciation. 


Actually, the indeterminacy principle considered 


from the standpoint of disturbance has been applie 


largely to mental experiments and measurements 
and not to those performed in the laboratory. This 
is not to deny that it has not been useful in some 


cases. Thus it can associate the mean breadth 0’ 
spectral lines with the mean lifetime of an atom 
stationary state. But it is well to point out thai 
this result has nothing essentially to do with thi 
renunciation of precision of measurement due t 
the disturbance produced by the measuring instru 
ment. The indeterminacy principle in its usefu 
form is simply a relation between the standar¢ 
deviations of quantum mechanical canonically con 
jugate quantities as derived in  straightforwar¢ 


fashion from the postulates of quantum mechanics. 


In this there is certainly no more expression 0! 
impotence than there is in the well-known stat 
ment that in a finite wave train the shorter th 
train the greater is the spread in frequency require 
for its adequate representation by a Fourier 1 


tegral. As a matter of fact, it was this type 0 


representation which DeBroglie used in his founde- 
tion of wave mechanics. It is a definitely affirma- 
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Bris approach with no element of renunciation 
involved in it—unless we wish to take the stand 
hat all physical theorizing is renunciatory. 

‘nd so it seems to me that, though the indeter- 
cy principle (and here [ include also the wider 
generalization, the complementarity principle of 

Bohr) has a certain theoretical fascination, its 
contribution to the future of physics as a principle 


potence is not sufficiently profitable to justify 
the attention that has been paid to it. It is naturally 
kind of physical statement that appeals to 
many philosophers who in general are not in a 
position to study minutely its precise meaning in 
physics and hence are tempted to erect on it phil- 
osophical generalizations bearing little justifiable 
relation to its physical meaning. Many such phil- 
osophical misinterpretations have been pointed out 
and discussed by Philipp Frank and need not be 
further emphasized here. We may merely mention 
the numerous attempts to use the principle to 
establish the freedom of the will as a philosoph- 
ical principle. The attempted application of com- 
plementarity to biological problems and the nature 
of life must be regarded, in spite of Bohr’s ingenu- 
ity, as of highly questionable scientific value. 

It is only natural that Whittaker should have 
numbered among impotence postulates the Ein- 
stein principle of special relativity in the form that 
“it is impossible to detect uniform translatory 
motion with respect to the primary inertial system 
by any means whatever.”” Unlike the indeterminacy 
principle, the principle of special relativity in its 
impotence form would appear to have an unim- 
peachable historical basis in the famous Michelson- 
Morley experiment, with its attempt to measure 
motion of the earth relative to the luminiferous 
ether and its so-called null result. Most popular 
presentations of the theory stress this aspect. But 
when we examine the situation more closely, the 
issue is not so clear-cut. 

In the first place, the experiment even as origi- 
nally performed never gave a completely null 
result, and I presume most physicists are familiar 
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with the long-continued, often-repeated, and admit 
tedly careful experiments of the late D. C. Millet 
These also led to a positive result, though by no 
means as great as that expected on the original 
Maxwell prediction. No one questions the histor 
ical importance of the failure of the experiment to 
give the full predicted result in suggesting to 


Einstein the postulate of special relativity. But it 


must also be recognized that the great contribu 
tions of the special theory to physics in the mass 
have long since rendered it 


energy relation, etc., 


unpregnable against attack based on an eventual 
positive result of experiments like those of Michel 
son, Morley, and Miller. By 


Mlpotence or renunciatory aspect of relativity has 


the same token the 


become of relatively minor significance. The really 
important contributions of relativity have come as 
positive deductions from the Lorentz-Einstein 
transformation equations, and the test of the theory 
is in the experimental verification of these deduc 
tions. And it seems to me that it is ultimately less 
misleading to phrase the fundamental postulate 
of special relativity “the 
laws of physics have the same form in all inertial 
rather than in the impotence form to 


in the positive form 


systems” 
which this indeed logically leads. On this point of 
view, an experimental violation of the impotence 
postulate would not be interpreted as a complete 
overthrow of the whole theoretical structure of 
relativity, but merely as an indication that we 
were not dealing with inertial systems. Method 
ologically, I cannot help thinking that this is of con 
siderable importance. 

To summarize briefly the point of view main 
tained here, though principles of impotence or 
renunciation are interesting milestones in the 
development of physical thought, they are of too 
negative a character to serve as true signposts for 
future theories. It seems necessary to reiterate that 
physics will not flourish under the shibboleth 
Nequimus any more successfully than under the 
old discarded battle cry of the du Bois-Reymonds: 
I gnorabimus. 


wn 
uw 








THE PARADOXICAL RIVERS OF THE GREAT PLAINS 


OREN F. EVANS 


Professor of geology at the University of Oklahoma, Dr. Evans (Ph.D., Michigan, 

1940) has been at Oklahoma since 1920. His summers he devotes to physiographic re- 

search and in other spare time writes both technical and semipopular scientific articles. 
In October 1945 we published his “Scientific Beachcombing.” 


N THE early eighties a waggish New Yorker, 
recounting his experiences on a recent trip to 
the then frontier lands of Kansas and Okla- 

homa, described the region as a “land of more 
rivers and less water, more cows and less milk, 
and where |he| could see farther and see less than 
anywhere else in the world.” 

Today, should he repeat that journey across the 
Great Plains, he would find a landscape well dotted 
with towns and cities, and he would have no 
trouble in obtaining cream for his morning coffee— 
at a price. But he would find the rivers the same. 
They are now spanned by great bridges of steel 
and concrete, but they are still the same treacherous 
watercourses, full of quicksands and subject to 
sudden floods, that they were in the days when 
they took their toll of the wagon trains on the 
Santa Fe Trail. In the dry season, the channels 
of drifting sand lie flat and dreary under the brazen 
sky, their tediousness only accented by the occa- 
sional trickles of lukewarm water meandering 
between sluggish pools. But, if and when the rains 
come, these same sand-choked streams are changed 
in a few hours to raging torrents, and their flood 
waters fill the broad valleys from side to side, 
sometimes even turning the adjoining uplands into 
miry bogs. 

To a casual observer, the Great Plains rivers 
seem to defy all known laws of normal stream 
behavior. Instead of cutting their valleys deeper, 
they are, throughout much of their courses, en- 
gaged in filling them by depositing more material 
than they take out. The beds of their tributaries, 
instead of being at a higher level than the main 
stream, often flow, over a great part of their courses, 
at a lower elevation. As a result, instead of the 
stream branches working away from the main 
stream into the neighboring drainage system, they 
are likely to turn back and commit piracy on the 
parent. 

The main stream, instead of remaining at a 
nearly constant gradient between high and low 
stages, increases its slope rapidly as the floods rise. 
Again, a tributary often has a broad, flat bottom 

*Drawings by R. L. Harris, Oklahoma Geolggical 
Survey. 
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with the stream meandering through it in a de 
narrow trench. To the student of stream w 
this suggests rejuvenation, but in the Great Plain, 
streams it means nothing of the kind. In 
environment, it is the perfectly normal developmen: 
of a degrading watercourse. The explanation . 
such seeming anomalies lies in the climate, the rox 
structure, and the nature of the sediments thai 
cover the Great Plains. 

From the Missouri on the north to the ki 
Grande on the south, the more important rive: 
of the Great Plains head in the Rocky Mountains 
or their foothills, and with a steep gradient and a: 
abundant supply of clear water they move rapid! 
eastward, occasionally breaking into rippling rapid: 
or foaming cascades. But their nature quick! 
changes when they leave the mountain fringes 
and begin their long journey across the plains. 

In passing from the steep, well-watered slope: 


to the relatively dry, flat, sandy plains, their | 


volume becomes less, they flow more slowly, thei 
waters turn turbid with suspended sediment, a: 

they no longer cut downward in their beds. Fo: 
two hundred fifty miles they struggle eastwar 

losing water to the thirsty sands as fast as their 
tributaries can supply it and, in dry seasons, bar 

able to maintain their flow. 

The annual rainfall of these High Plains aver 
ages between ten and twenty inches, is irregular! 
distributed, and varies greatly from year to yea 
Much of it comes in local torrential downpour 
that hurry great loads of sand down first one 
tributary and then another into the already ove 
loaded channels of the main streams. 

Farther east, toward the Mississippi River, th 
precipitation gradually increases, but not f 
enough for the streams to take care of the increas 
loads of sediment. So, even here, they are oft 
filling their valleys faster than the material can | 
carried away. When filling occurs in norn 
streams in humid regions, it is usually the resu' 
of a decreased gradient brought about by a generé 
lowering of the land level. In these Great Plat 
streams, on the contrary, filling results fri 
load of sediment greater than the stream can car 
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fact, for streams of their size, the rivers of the 


at Plains have exceptionally steep slopes, 


ving from two to ten feet per mile. 


A 

| These peculiar conditions are the result of at 
¢ Jution that began in Cretaceous times. In middle 
{ retaceous an interior sea spread from the Arctic 
} the Gulf and reached east almost to Lake 
Kuperior, At that time there was no Mississippi 
Nalley as we know it, and the drainage of the 
fontinental interior was very different from what 
it is today. Many of the streams flowed west into 


the Cretaceous sea, and the Mississippi was only a 
$n all stream emptying somewhere near the present 
rity of Cairo, Illinois, into an embayment reach- 
ing north from the Gulf. It was then a very humble 
stream and gave little promise of developing into 
the huge drainage monopoly it has since become. 

When the sediments that had been depositing for 
juillions of years in the Cordilleran trough began 
to be squeezed up, however, the situation quickly 
As the bottom of the trough came above 
a great 


changed. 
the level of the sea, the whole area became 
swamp that remained for many thousands of years, 
during which it was covered with a succession of 
dense forests. These furnished the material for the 
great beds of peat that have since been transformed 
nto the coal fields of the Rocky Mountains. In 
the beginning, the rise of the land was slow, but 
jt became more rapid toward the end of the Cre- 
taceous as it developed into the early Rocky 
Mountain uplift. This movement set up an entirely 
mew drainage system for the interior of the con- 
tinent. As the eastward slope increased, the swamp 
streams took on new life and their movements 
became more purposeful and definite as they flowed 
east and south toward the youthful Mississippi 
River and the Gulf. 

At first, these streams were relatively short and 
their valleys shallow. But as time went on and the 
region to the west continued to get higher and 
higher, they began reaching headward toward the 
rising mountain axis. At the outset, the area was 
well watered and the streams developed normally, 
slowly lengthening as they cut their valleys deeper 
v\s the surface by degrees took on this eastern tilt, 
the low gradient and the great volume of water, 
along with the level-lying rocks, was conducive to 
the formation of broad and shallow 
Stream valleys. 
| But there came a time when the rising mountains 
to the west began shutting off the moisture from 
the Pacific. The rainfall became less and _ less, 
Bhe forests died out, and the region of the head- 
r aters of the streams gradually took on the appear- 

nce of a desert. 


relatively 


eta 
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Ky this ume the streams, in their upper reaches, 


had cut down enough to begin to expose the Dakota 


sandstone that covers broad areas all along the 


east side of the Rockies. As more and more of it 


was uncovered, the tributaries rushed great quanti 


ties of sandy material into the streams and they 
began filling their vallevs. The mountains to the 
west continued to rise, the climate became more 


arid, the rainfall erratic, and the streams 


seemed to be flowing in valleys too large for them 


more 


This aspect has been accentuated with time and 


persists to the present day. 

Another puzzling feature of the plains streams is 
in the peculiar relations existing between the large 
streams and their branches. In a normal degrading 


stream of the humid regions, a tributary, being 


runs at 
older 


younger and smaller than the main stream, 


a higher elevation. But for a number of the 
and longer 


relationship does not hold. At 


tributaries of the plains streams, this 


equal distances 


above the junction, the beds are often at a lower 
level than that of the main stream. 
seeming anomalies result 
the drainage has developed. In its early hi 
still cutting their beds lower, 
Then, 


These from the way 
story, 
while the rivers were 
they threw out numerous branches. when 
the parent streams had cut down into the sandy 
rock beds of their upper reaches and began taking 
ina greater load than the water could carry away, 
But the being 


failed to reach into 


they started to aggrade. tributaries, 
shorter than the main streams, 
the sandy area and so had no opportunity to pick up 
the extra load. Instead of they con 
tinued cutting their beds lower, as they had been 
from the first, result that 
lower the main 


agerading, 


with the 
than 


doing many 


were soon flowing stream 
The topographic maps of the region show many 
such relationships. 

Not far from the 
Little River, a tributary of the 
is some fifty feet than 
This is at a point fifty above the 
junction of the Here one Little 
River is cutting straight toward the South Cana- 
dian and is already within three miles of it (Fig. 1) 
It seems certain that within a few hundred years, 
the two will join. Then, flood, the water 
from the larger stream will leave its present bed 
and go down the Little Valley. 
Thus Little River will have committed piracy on 
its parent, and the bed of the South Canadian 
be dry except for the small water 
that drains into it locally. 

A similar condition exists a few miles to the 
north, near Oklahoma City. Here Deep Fork, only 


Oklahoma, 
Canadian, 
stream. 


Norman, 
South 
the main 
miles 
branch of 


town of 


lower 
some 


two. 


in time of 
roaring River 


will 
amount of 


- 
_ 
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a few miles from the North Canadian, is flowing 
some forty or fifty feet below it and is in a favor- 
able position, if left to itself, to commit piracy on 
its parent. Yet the two streams flow ninety miles 
east before they come together. Again, near Tulsa, 
Oklahoma, there is a similar relationship between 
the Verdigris and the Arkansas, though in this 
instance the two streams are somewhat farther 
apart and piracy is not quite so imminent. 

This diversion of the waters of a stream by 
one of its branches is believed to have happened 
fairly frequently in the past history of the region. 
From Byers, Oklahoma, to near Haileyville lies 
the Gerty sand, which has the general shape and 



















channel winding through it, does not indic 
age. Here it is the normal appearance for a « 


ing stream. It results from the combined efi 
the horizontal rock structure and the 
intense floods succeeded by long peri 


drought. 

The horizontal rock layers, some soft an 
hard, are conducive to the cutting of a wide 
During heavy floods, water fills the valle) 
side to side, depositing over it a thick la 
alluvium and forming a broad, flat floo 
within which, during the long periods of low 
the stream flows in a fixed, narrow channel 
though a steadily degrading stream, Little 
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FIG. 1. THE SOUTH CANADIAN AND LITTLE RIVERS se 
SHOWING A CASE OF PIRACY IN THE MAKING JUST SOUTH OF NORMAN, OKLAHOMA. ad 
ne 
appearance of being an old stream bed. It is about has a cross section like that usually associat 
ninety miles long, up to fifty feet thick and, in with old age, or with old age followed by r 
places, as much as four miles wide. It is thought to venation. 
mark a former course of the South Canadian During low water, the main streams of 
River, which was diverted from its bed sometime plains, with their aggraded valleys, instead 
in the Pleistocene through piracies committed on it flowing in deep, narrow channels, wander wid 
by some if its tributaries. It is interesting that from side to side within their broad, shallow 
Little River, which at one time was considerably leys. Because of the loose character of the mate: 
longer than now, was involved in the diversion. they change their courses easily and often, wit! 
Though Little River probably began its exist- curves working rapidly downstream. Such strea 
ence later than did the Canadian and other large are very difficult to control. 
streams of the plains, its valley has the shape, even In streams confined to rocky channels, 
well up among the small branches near its head, downstream travel of the bends is slow, but 
that is usually associated with an old rejuvenated plains streams, where the water wanders her: 
stream. To a student of streams, the first sight of there between loose sandy banks, their cours: 4 
it is as startling as seeing a girl in her teens with change rapidly. Thus, a river flowing on one s 4 
gray hair. But the broad, flat terrace, with the deep of its valley today may, within a year, be foun J 
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FIG. 2. A LOST BRIDGE 


THE CURVES OF A RIVER, BY MIGRATING DOWNSTREAM, 
4 BRIDGE. / SHOWS HOW 
STRATEGICALLY LOCATED 
CONTROLLED 


yW 
wAY CAUSE THE ABANDONMENT OF 


3y THE USE OF A NUMBER OF 
'TIES SUCH A WANDERING STREAM COULD BI 


a mile away on the other side. This situation 1s 
complicated by the fact that in time of flood the 
entire bed and valley may ke full of water. 
Such behavior makes bridging a difficult prob- 
lem, especially so at a place where the river 
happens to be flowing down the middle of its 
valley. The bridge may no sooner be finished than 
there comes a flood, the curves in the stream shift 
downstream, and the river that under the 
bridge is now flowing out around the end (Fig. 2). 
Something like this happened near Norman, Okla- 
homa, some twenty-five years ago. At that time 
there was an iron bridge about four miles south- 
west of town under which the water had flowed 
for eight or nine years. Then came two or three 
years of high water, during which the river curves 
moved rapidly downstream. This threw the channel 
from under the bridge near the north bank over 
close to the south side of the river, where it cut 
rapidly around the end of the bridge, and, before 
it was through, it was half a mile away to the south, 
having nearly doubled the width of its bed. For 
several years it continued to flow close against the 
south bank. But now, after some twenty years, the 
next phase of the river curve has reached the 


was 


bridge, and the channel at low water is again back 
about where it was in 1920. 


lhe difheulty of the bridging problem is much 


reduced where one side of the stream is against 
a high bank of rock. If this happens to be on the 
outside of a broad curve where the river is throw1 
hard up against the rocky shore, the bridge can 


be built in full confidence that it will be useful for 


many years. At such a location, a few miles above 
the Norman bridge, the Newcastle bridge has func 

But 
favorable location, it 


be possible to keep the stream under the bridge by 


tioned continuously for forty years even in 


the absence of such a may 
exercising constant vigilance 

It is 
The control started 
the stream. With a good map or aerial photograph, 


> 


1orce 


a matter of persuasion rather than 
should be some distance up 
a skilled physiographer c: ‘ll pre ‘losely the 
‘ x physiographer can te pretty ciosely the 
position the curves will assume as they migrate 
downstream. By the judicious use of wing dams 
and jetties on the first two or three curves above 
the bridge, the stream can be gently turned from 
l, in most cases, kept within 


its wandering ways an 
its channel beneath the bridge. 

The only other method of control is the building 
of heavy stone or concrete revetments and wing 
dams in the immediate vicinity of the bridge: but 
where there is no solid rock in which to anchor the 
outer ends of the structures, the method is very 
troublesome and expensive. It has been success 
fully done at some railroad river crossings, but for 
highway bridges it can seldom be justified. 

For the geomorphologist, the streams of the 
Great Plains present many enticing problems. 
They obey the same laws of stream flow as do 
rivers in the humid regions. Yet, because of differ- 
ences in environment, the results sometimes appear 
to be exactly opposite. 
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SHEFFIELD SCIENTIFIC SCHOOL—THE FIRST 


HUNDRED YEARS 


CHARLES H. WARREN 


Dean Emeritus Warren (Ph.D., Yale, 1899) was instructor of mineralogy at Shef- 
field during 1900-01. For the next twenty-one years he taught at M.I.T. In 1922 he was 
made Sterling professor of geology at Yale and dean of Sheffield. This article is from 
an address delivered at the Centennial Convocation in Woolsey Hall on October 17, 1947. 


T IS the aim of this article to give a summary 
history of the founding of the Sheffield Scien- 
tific School, of its development during its first 

century of life, and to point out the part that it 
played in the evolution of higher education in the 
American college or university. 

The firmly established pattern of education in 
the American college up to the middle of the nine- 
teenth century was of the classical academic type, 
inherited in large part from the ancient universities 
of England. Its broad objective was to educate 
young men for service in “Church and Civil State,” 
and this objective was to be achieved by storing 
the student’s mind with a thorough knowledge 
of the Greek and Latin languages and of the 
civilizations they recorded, to provide him with 
what was regarded as a sound and orthodox 
theology, a correct religious and moral philosophy, 
and to train his mind in logical thinking. As a 
part of the process he was exposed to a modest 
amount of mathematics and natural philosophy, 
which latter included some physics, astronomy, and 
natural history. There was no opportunity to 
study the sciences in any modern sense. 

During the first half of the nineteenth century 
a great expansion was taking place in agriculture, 
commerce, and industry, and with this arose a 
demand for men trained in scientific and technical 
knowledge who could cope with the problems aris- 
ing on every hand. Young men with practical in- 
terests were seeking an education that would equip 
them to meet this demand. The colleges offered 
them little or nothing of that sort. This fact was 
recognized by some of those interested in educa- 
tion, and as early as the 1820s here and there 
“Technical Institutes” were organized. These were 
patterned after similar schools abroad and, al- 
though they were of post-secondary school level, 
they were not of collegiate grade.* During the 
period roughly from 1850 to 1870, a considerable 

* These are not to be confused with the trade school or 
with the junior college. They occupy a place between 


the secondary and trade schools and the engineering or 
technical college. Only a few of them have survived in 
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number of colleges took more or less definite 
steps to meet the call for scientific and engineeri 
instruction, and there were also founded a {ey 
independent technical schools on the collegiat 
level. 

It was a Yale president, Timothy Dwight th 
Elder, to whom I think should be given the credit 
for starting, indirectly at least, the scientific educa 
tional movement in the colleges on its way. As 
early as the turn of the last century this wise an 
learned man had reached the conclusion that scienc 
and its applications were soon to assume an in 
portance that made it advisable for the college t 
give them a fuller recognition in its educationa 
program. He had in some way persuaded the Yale 
Corporation to authorize the appointment of 
professor of chemistry and natural history, and i1 
1802 Benjamin Silliman was appointed to this 
chair. This act, as subsequent events were to prove 
was Dwight’s contribution to the cause of scientific 
education. 

Benjamin Silliman (B.A., Yale, 1796) was onl) 
twenty-three years old when appointed. He had 
been a tutor in the college and was but newh 
admitted to the bar; he had only the barest ac 
quaintance with chemistry or any other science, 
but after two years’ study of science, chiefly at 
the Medical School in Philadelphia, he assumed 
his duties at Yale in 1804. Dr. Dwight’s ideas oi 
the qualifications for a professor of chemistry seen 
a bit strange in these days, but it must be admitted 
that he was a shrewd and competent judge o/ 
men. He picked a great man. 

During the next forty-odd years Silliman did 
more than any other man to arouse an interest 1! 
science in America. Endowed with a striking ap- 
pearance and personality, with extraordinary gifts 


their original form and few if any have been organized in 
recent times. I think this is unfortunate, for they might b« 
made to serve an important function, in our educational 
program, relieving our four-year, degree-granting institu- 
tions of truly collegiate grade of many students whose 
capacities and interests could be more effectively served by 
“Technical Institutes” of this type. 
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ind and character, unexcelled as a lecturer, he 
iched his gospel of science far and wide through- 
the country, always that 
lies were nothing less than an inquiry into the 
nifestations of the works of God in the natural 


{ 


q 
: 4 
s 


insisting scientific 


-orld and that a wise use of the knowledge so 
Foained would result in great benefit to mankind. 
prepared the way for the acceptance of the 
S<tudy of science as a desirable and essential part 
Hof a liberal education. 

\lthough Silliman’s lectures in the College in 
chemistry, and later and mineralogy, 
iwere notable and very popular with students, they 


in geology 


tte 


}were open only as electives, with little or no aca- 
demic credit. However, he attracted a number of 
iprivate students, most of whom later became 
Hieaders in scientific work and education. As their 
inumbers increased, he felt the importance of ex- 
Mtending the scope of this work, of adding new 
and of providing facilities for laboratory 
then practically nonex- 


Hteachers, 
fand experimental work, 
listent. 

| Silliman was responsible for the appointment, in 
11846, of two professors, John Pitkin Norton, in 
; agricultural chemistry, and Benjamin Silliman, Jr., 
in practical chemistry. In the same year a com- 
‘mittee nominally headed by President Day, but 
factually by Benjamin Silliman, was formed to con- 
advisability of establishing a distinct 
tdepartment of the College within which courses 
of study should be offered which were, or ought 
ito be, given for others than members of the under- 
graduate classes and which were not in the Depart- 
iments of Theology, Law, or Medicine. A favorable 
‘report was made by this committee and on 
August 19, 1847, the Corporation established 


‘sider the 


_ Department of Philosophy and the Arts to perform 


the functions designated by the committee. Under 
this department instruction was to be offered in 
‘the sciences and other subjects to graduates of the 
qCollege and to other students of good moral char- 


pacter and adequate preparation. The creation of 


‘this department was the initial step in establishing 


Ppostgraduate education in the American college, 
jand presently, in 1859, on the recommendation of 
Mthe faculty of the Scientific School, the Corpora- 


Ftion established the degree of Civil Engineer and in 


a that of Doctor of Philosophy. This latter 


degree was first conferred in 1861 on three candi- 


Bcates, to be followed two years later by a conferral 
bof the degree on a man of the highest renown, 


; Byosiah Willard Gibbs. 
} The creation of this department also paved the 


way for the development of a new ag of under 
the courses of 


Sheftield 


beginning, not 


soon to be oftered bv the 


School. It 


Scientific 


Instruction 
was the only 
Schx TT |, but 
\merica. It 


evolution of our 


Scientific 
of the 
eraduate 
portant 


future also of post- 


education in Was an 1m 
step in the university 
education. 


Norton and Bet 


chemists, with 
ill 


The appointment of oe e 
Silliman, Jr., botl 
ment to this new sestaien, led naturs 


assligi 


jJanun - 
t 


to the 
offering of courses in that field as the first scien 
tific courses in this department. This work 
‘School of Applied 
1850 the Corporation, upon the 
recommendation of Silliman, John Norton, and 
Dwight Dana, instituted the degree of 


Philosophy, and it was first conferred 


was 
very soon being referred to asa‘ 
Chemistry.” In 


James 
Bachelor of 
in 1852 on eight students who had completed the 
then two years’ program of study. 

In the 
of the men just mentioned, William A. Norton, an 
educated at West 
Brown 


same year, acting upon a recommendation 
engineer, Point and then teach- 
ing at 
first professor of civil engineering at Yale. He im 


University, was appointed as the 
mediate ‘ly org 
ing. This was referred to as “The 
ing School.” In 1853 these 
and engineering together 
nated “The Yale Scientific School.” 

It was at this time that John P. Norton, 
down by overwork, died at the age of thirty. He it 


ranized a course of study in engineer 
Yale 


sche ¢ Is ( if 


Engineer 
chemistry 
desig 


were unofficially 


bt ( ken 


was who during the five years of his brief service 


carried the main burden and _ responsibility of 
teaching and formulated many of those policies of 
scientific and large 
part to form the basic pattern of education in the 
School. Norton was the 


cultural science in and as a result of the 


study research that were in 


Scientific founder of agri- 
America, 
training and inspiration received from him several 
John Addison Porter, 
Brewer, and Samuel W. 


School's first 


of his students, his succes 
sor, William H., 
all members of the 
Indeed, 
sponsible for the designation of the School by the 
Connecticut to serve as its College of 
Agriculture and the Mechanical Arts from 1863 
to 1895 under the Land-Grant College Act. One 
of this group, Johnson, in addition to his important 


Johnson, 
faculty, carried 
on his work. this group was largely re 


state of 


contributions to the science of crops and soils, has 
the distinction of having established the Connecti 
cut Agricultural Experiment Station, the first 
in the country and still functioning as one of the 
foremost institutions of its kind. 

The small but distinguished group of men who 
made up the early faculty of the School found 
with the 


themselves faced problems of providing 
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adequate instruction for a steadily increasing num- 
ber of students and of broadening the scope of the 
School’s work. The funds available, derived from 
the meager tuition fees and from contributions by 
members of the staff itself, were all they had. Out- 
side support must be sought—how familiar that 
sounds! 

On August 19, 1856, James Dwight Dana, Silli- 
man’s successor as professor of geology and miner 
alogy and America’s foremost exponent of these 
sciences, gave the Yale Commencement address and 
made it the occasion of an eloquent appeal to the 
alumni and friends of Yale to support a plan for a 
better and more extensive organization of scientific 
work and instruction in the form of a distinct Scien- 
tific School. He gave a comprehensive outline of this 
plan, which presented a remarkable vision of the 
place of science in a university. This address was 
published, as were two other pamphlets written on 
the subject under his inspiration. These were widely 
circulated and excited much interest. They are 
well worth reading today. 

The response to these appeals was immediate. 
A number of individuals gave substantial sums, 
but the principal donor was Joseph Earl Sheffield, 
of New Haven, railroad builder and financier, who 
was deeply and intelligently interested in promoting 
scientific and technical education. He not only gave 


the School substantial sums of money but a build- . 


ing, which he caused to be remodeled, enlarged, 
and well equipped for its use. This building 
(known as Sheffield Hall), now gone, stood at the 
head of College Street and was, I believe, the 
first college building to be devoted exclusively to 
scientific work. In recognition of Mr. Sheffield’s 
generous support, the Corporation in 1861 named 
the new school “The Sheffield Scientific School.” 
He continued his benefactions during his lifetime 
and was responsible for the formation of a Corpo- 
ration, known as The Board of Trustees of the 
Sheffield Scientific School, to hold funds and 
property for the use of the School. In his will he 


made the School through this Board one of his , 


heirs and his residuary legatee. 

The success and prestige of the School were due 
principally to the extraordinary group of men 
who presided over its affairs during its earlier 
decades. They were eminent as scholars and 
teachers, able administrators, and pioneers in estab- 
lishing a new type of education. They gave a self- 
sacrificing devotion to this cause and in the end 
established a pattern of liberal scientific education 
which influenced strongly the whole trend of 
higher education in the American college. It may 
be added that the condescending disapproval and 
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suspicion with which the academic faculty chos 
regard the alleged vocational training offered 
the Scientific School undoubtedly acted as an a 
tional spur to its faculty to justify and promote 
program of education, which it firmly belli 
was a sound and liberal Indeed, there 
evidence that there was often a good deal of—s 
we say ?—vigorous argument between the 
groups as to the relative virtues of their divers 
views on education. 


one. 


I have already mentioned some of the early fac- } 


ulty members. It is not possible to give here ; 
account of those who were active during the ear! 
decades nor of their many distinguished successors 
in the fields of science, engineering, and the hv- | 
manities in later years. A full account of then | 
may be found in Director Chittenden’s admirabk 
and comprehensive History of the Sheffield Si 
entific School (New Haven: Yale Univ. Press 
1938). I shall confine myself to mentioning only a 
few names, in addition to those earlier referred t 
of those who seem to me to have made some ot 
the more significant contributions to the School's 
development and whose names also illustrate thi 
breadth of the School’s program. I must mentio: 
George Jarvis Brush, mineralogist, the first direc- 
tor of the School and its treasurer; Russell H 
Chittenden, the founder of physiological chemistry 
in this country, the originator of the first organ- 
ized program of study in subjects preparatory) 
the study of medicine and the medical sciences 
and the successor in 1898 to Dr. Brush as directo: 
of the School. To these two men, who guided its 
destinies for well over fifty years, the School owes 
an inextinguishable debt of gratitude. I will mer 
tion also William P. Trowbridge, the first profes 
sor of dynamical or, as we call it, mechanical eng! 
neering, and the organizer of the first course 
study in that field; General Francis Amas 
Walker, the eminent economist, who later becany 
president of the Massachusetts Institute of Tec! 
nology; William D. Whitney, the most disti 
guished linguistic scholar of his generatiot 
Thomas R. Lounsbury, noted English scholar 
writer and brilliant teacher, who effected a rev 
lutionary change in the teaching of English litera 
ture; Chester S. Lyman, professor of astronom 
and physics; Othniel C. Marsh, eminent  verte- 
brate paleontologist; Addison E. Verrill, zoo! 
gist; Daniel Cady Eaton, botanist; and, last 
Daniel Coit Gilman, professor of physical and p 
litical geography. I mention him particularly be- 





cause I do not think that the importance of his 
connection with the School both to it and to Gi: 
man himself has been adequately appreciated. His 
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irkable and versatile abilities, as well as his 
nsive knowledge of educational Sarlioes na 
abroad, were fully recognized by members of 


Governing Board. He became its official 


( 


Was nine 


esman. His articles and addresses regarding 
School became, as has been said of them, ‘The 
Sc ol’s Articles of Faith” and have seldom been 
led and never excelled as statements of sound 
: cational principles. It during the 
rs of his connection with the School that much 
ie educational philosophy was crystallized that 
¢ found a brilliant and epoch-making expres- 
1 his accomplishments as president of the 
hy ean University. 
ete later, in an address Gilman gave at the 
tieth anniversary of the School, he said, in part.: 
quick succession, colleges, departments of science and 
pendent institutions have appeared in every state. Of 
these not a few have adopted the methods here followed 
have called to their support those who have been 
hee here. For one such institution, now celebrating its 
fiajority, permit me to acknowledge with filial gratitude 
impulses, lessons, warnings, and encouragements de- 
ved from the Sheffield Scientific School, and publicly 
mit that much of the health and strength of the Johns 
pkins University is due to early and repeated draughts 
bon the life-giving springs of New Haven. 
i I TURN now to a brief review of the School’s ac- 
tgal program of instruction. It was at first con- 
dicted on the postgraduate level, to which was 
soon added a three-year undergraduate program. 
Both expanded rapidly in numbers and scope and 
‘re administered together until 1918-19, 
postgraduate instruction was transferred to a 
separate Graduate School. I need not dwell on the 
Baracter of the early postgraduate program since 
if differed little in principle from prevailing uni- 
Vérsity practice. 
}In the undergraduate program, with one excep- 
tion, the courses offered were confined to the 
Major fields of science and engineering, The ob- 
jective of these courses, clearly stated from the 
ginning and adhered to consistently, was that of 
providing a foundation in the basic principles, con- 
egpts and methods of scientific work, the mastery 
#& which must precede further advanced study or 
successful practical applications. These studies 
Pre to be accompanied by a substantial amount of 
tention to English, the modern languages, and 
Her cultural and humanistic subjects. In other 
brds, a liberal education with the emphasis on 
Gence. As scientific and technical knowledge in- 
efeased, the basic courses were broadened in sc ope 
il new subjects and new major courses were 
added. 


elhere was one course, however, of a radically 


when 


My 1948 


Select’? cou 


was on the 


» celebrated 
There 
fluential members of the 


ditferent character, the 
now but a memory. 


rse, 
part of in- 
at the 
School in breaking away from the traditional clas- 


faculty a feeling th 


sical curriculum ought to champion the idea that 
a liberal education could be secured through put 
suing a course made up of the modern humanities, 


inglish, 


mathematics, 


modern languages, the basic sciences, and 
1860-61 a course in 
was offered. In 1864 this course 
under the influence of 
and an excellent selection of required subjects 
was offered under the title “Select Course in Sci 
Studies.” It 
course and undoubtedly contributed to the 


and as early as 
“General Studies” 


was reorganized, Gilman, 


entific and Literary was a unique 
devel- 
opment of modern college curricula in the liberal 
arts and sciences. It had a strong appeal to many 
students and grew rapidly in numbers until it be 
came by the end of the first decade of this century 
the largest the School; it 
shadowed to some extent the scientific and engi- 
Whatever 
it was a 
many 


course 1n even over- 


neering courses. its shortcomings may 
have been, good course in its day and 
men prominent in afterlife. It 
in time, to be out of place in a university 
that also maintained another liberal arts course 
the academic college. 

Yale College, up to about had 
closely to its traditional curriculum. It 
posed to any substantial change and felt no re 
sponsibility for education in the sciences. It 
content to leave that to the Scientific School 
led 


strongly in 


graduated 
came, 
in 
1880, adhered 


Was Op- 


was 
There 
William 
of 
» meet 


was, however, a faculty group, bv 


Graham Sumner, who were favor 
ilum t 


a growing public demand for ae a change and 


liberalizing and broadening the currict 
to keep abreast of similar movements in other 
In 1884 Sumner 
higher education in a notable 
the Princeton Review, entitled 
fore the In this 
ferring educational 


forth his views on 
article published 

“Our Colleges be- 
and in other essays re 
Sumner’s 


colleges. set 


Country.” 
to 
are remarkable 
and clarity. 


matters, state- 


ments for their breadth of view, 


force, His views were in close agree- 
ment with, and a Siang those expressed 

well in an earlier day by Dana and Gilman, he 
all are well worth reading and pondering in these 
with 


days when the educational world is all astir 


plans for reforming our educational program. I 
have yet to hear or read anything that, in so far 
as fundamental and enduring principles of educa- 
tion are concerned, 
gentlemen half a century or more ago. 

The progress of Sumner and his sympathizers 
But they did succeed in 


was not fully covered by these 


was slow. imposing a more 


61 





liberal policy on the College, and, although this 
did not go as far as Sumner desired, it opened the 
way for future constructive changes. Gradually, 
departments and laboratories of chemistry, physics, 
geology, and biology were established in Yale Col- 
lege, and programs of study including these sci- 
ences were offered. As a result, a large amount of 
duplication developed between the two schools in 
the sciences and even in the humanities. This situa- 
tion as a whole led in 1918-19 to a reorganization 
of the University, which effected many important 
changes. It established University departments of 
study, each to serve the needs of the several 
schools. It placed all postgraduate study under a 
Graduate School. The three-year course of the 
Scientific School was made a four-year course. It 
abolished the “Select Course,” as well as a gradu- 
ate program in Business Administration that had 
been started in the Scientific School with a sub- 
stantial endowment. It established a separate fac- 
ulty to administer a program of freshman studies 
preparatory to the courses of both Yale College 
and the Scientific School. The Scientific School 
then became a purely undergraduate school for the 
study, it was stated, of professional science and 
engineering ; Yale College was to be the school for 
the study of the liberal arts and sciences, with em- 
phasis on the humanities. The engineering courses 
could be regarded as professional in character, but 
the attempted distinction was not valid for the 
science majors offered by the Scientific School. 
The science programs in the latter were more rig- 
orous and definite in character than those of the 
College, but there was nothing to prevent a stu- 
dent in the College, majoring in the sciences when 
working for his B.A. or Ph.B. degree, from fol- 
lowing substantially the same programs as those 
offered in the Scientific School leading to the B.S. 
degree. He could study the same subjects and 
under the same teachers, and many were permitted 
to do so. The choice of school by the student who 
wished to major in a science became largely a 
matter of which degree he preferred and which 
school with its distinctive social system appealed 
to him most. 

In 1932-33 the residential college plan, made 
possible by the generous gifts of Mr. Edward S. 
Harkness, ,;was inaugurated. This brought upper- 
class undergraduates together as residents of the 
colleges, with admirable opportunities for intellec- 
tual and social intercourse, not only with each 
other but with the faculty Fellows of each college. 
It tended to obliterate that unique Yale practice 
of dividing its undergraduates into the “Ac” and 
“Sheff” species according to their school affilia- 
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tion, a division that once had a real significan 


had become largely a survival. 

The engineering departments, which had ory 
nated and grown up as an important part of t), 
Scientific School, but which had been constitu 
University departments with their instruc 
duties divided between the Graduate and the s 
entific Schools, were united in 1932-33 to for 
distinct School of Engineering, thus conforming : 
the general practice of American universities 

During the war years just past a comniit 
representative of the many fields of study, was a 
pointed by Dean William C. DeVane, of \ 
College, to make a thorough study of undergr: 


—e 


a. ts 








ate curricula and to draw up a new program bet} J 
adapted to the objective of educating our your} ® 
men for service in the postwar world. When th} # 





=—t 


new and admirable program was completed, 
became clear that it incorporated, among 
desirable features, the objectives, set fort! 
principle so well by Gilman, to which the Sci 
tific School had always adhered. This new 
gram was such that the science courses oi 
Scientific School could with only minor chang 
be incorporated into it, and it seemed eminent 
wise on all counts that all undergraduate inst: 
tion should henceforth be administered by a si 
united faculty representative of the arts and ; 
ences. This was accomplished in 1945, and \ 


oe 


now offers to all its undergraduates, except thi! J 
in the Engineering School, under the faculty | 4 
Yale College, a well-balanced, fully integrated, 

flexible, program of study designed to provide") 9 
students with a knowledge of the important fie J 


of human thought and accomplishment, toget 
with an opportunity to concentrate and master ' 
fundamentals of some field of study chosen 
cording to their individual aptitudes and interes} 7 
and, most important of all, to help them to se 
a mental discipline and outlook that shall 
them to use their education to the best advanta 

You may now ask what is to be the functio1 
the Sheffield Scientific School as it begins its s 
ond century. The old “Sheff,” as men of my 
lege generation knew it, has disappeared. It 
now resumed its original function, that of | 
graduate education, and has added certain new é 
appropriate functions that will enable it to » 
serve its integrity as an institution, its honor 
name, carry out the purpose for which it 
founded, and move forward to new achieve 
as a vital part of the distinguished University w’ 
gave it birth and which it has served so long 
so well. 

The faculty of the School will hencefort! 
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Biudents registered in the School, candidates for 
| 

J 


pid 


cerned with the instruction and guidance ot 


degrees of Master of Science and Doctor of 
losophy, and with scientific research. The 
Board of Permanent Officers of the School has 
been constituted the University Division of the 
Natural and Physical Sciences and Mathematics 
as such will, under the President and Cor- 
poration, exercise general supervision over edu- 
tational policies for all study and research in thes« 
fields, including particularly the correlation and 
ntegration of teaching and research in the de 
partments within the Division. Most important of 


all, the Director and his Permanent Officers, act- 





ing through standing or special committees, will 


Pxamine and pass judgment on all recommenda- 
ions for promotion and new appointments to the 


¢ 


EJ 


; 
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faculties of the departments within the Division 


and report the decisions to the departments and 
and to the 
President and Corporation for their information 


schools to which they may be assigned 


and for final action. Thus, all scientific work in 
the University will be under the general super 
vision of a single competent group of scientists 
This arrangement restores to the School functions 
that it exercised so successfully during the earlier 
decades of its history. 

The Sheffield Scientific School will go forward 
into its second century of service with all its ener- 
gies and resources devoted to the pursuit of its 
time-honored objective : “The Promotion of the 
Study of the Natural, Physical and Mathematical 
Sciences”—to discover and interpret the laws and 
phenomena of the natural world to the end that 
these may be wisely and humanely applied for the 
welfare of mankind 


PARADOX 


Not truth, nor certainty. These I forswore 
In my novitiate, as young men called 
To holy orders must abjure the world. 


‘Tf , then 


, this only I assert; 


And my successes are but pretty chains 
Linking twin doubts, for it is vain to ask 
If what I postulate be justified, 

Or what I prove possess the stamp of fact 


Yet bridges stand, and men no longer crawl 

In two dimensions. And such triumphs stem 

In no small measure from the power this game 
Played with the thrice-attenuated shades 

Of things, has over their originals. 

How frail the wand, but how profound the Spell! 
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SUIENGCE ON 


N THIS article I shall seek, first of all, to test 
the hypothesis that a greater part of the con- 
flict among contemporary scientists is methodologi- 
cal in nature and that these methodological con- 
troversies are largely the result of the reactions of 
individual scientists to scientific traditions. Second, 
I shall offer certain suggestions for resolving scien- 
tific controversies and for promoting cooperative 
endeavors in the social sciences. 

If we could all agree upon some definition of 
science, it would have to be a simple one, such as: 
Science is tested knowledge. Or, science is all en- 
deavor to ascertain facts and their interrelations. 
According to these definitions, each science may 
determine what knowledge it should test or what 
facts and their interrelations it should ascertain. 
Furthermore, such definitions place no limitations 
upon any science as to the methods and techniques 
it should employ in research. This spirit of freedom 
is one of the most important of our scientific tradi- 
tions. Of course, it is broken occasionally by politi- 
cal coercion, as was the case in Hitler’s Germany ; 
it is also limited by the subject matter that may be 
accepted as belonging to each discipline, limited 
somewhat by the leaders in the various scientific 
fields, and by the pressures from society and cul- 
ture, which are controlling forces in human activ- 
ity or achievement. 

Although this spirit of freedom is regarded as 
essential for scientific progress, it may retard such 
progress where individual scientists spend their 
time and talents carrying on heated controversies 
as to the accuracy and validity of the work of 
others. Too often, perhaps, one scientist judges the 
work of another in terms of what he thinks the 
other person ought to do, should have done, should 
not do, or what he ought not to have done. In many 
instances, this “ought attitude” is carried over into 
the future tense to express a sort of “scientific 
idealism.” Hence, the tradition of scientific free- 
dom tends to motivate personal controversies. The 
personal patterns of such controversies are in- 
tensified when certain theories are criticized, 
amended, refuted, or exposed as erroneous. 

*From an address on “Some Personal and Traditional 
Aspects of the Methodological Conflicts Among Contem- 


porary Scientists” before the twelfth annual meeting of the 
Florida Academy of Science, Tallahassee, April 21, 1948. 
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A second tradition handed down to 1 
scientists is that some of the sciences are “ 
some are “applied,” and others are neith 
really belong in the field of technology or art 
of the controversy over this question has be 
gestive and stimulating both from the stand; 
of the classification of the various disciplines ; 
from that of modifying and standardizing s 
tific method, but it has often led to dogmati: 
clusions that have set up barriers to scientili 
search, on the one hand, and, on the other | 
has produced a pattern of unhealthy auto 
among some of the sciences. 

This sort of scientific dogmatism has someti: 
resulted in an uncritical approach in scientific : 
search, based upon the assumption that in this 
that specific field of research the scientist is : 
simply courting objectivity, but is wedded to 11 

It is my contention that such a tradition is | 
leading, and unwarranted in view of the facts; 
no science is pure in the sense that it is wl 
separated from applied science, technology, a: 
art; every science is to some extent a pure and 
applied science and at the same time something 
a technology and an art. 

Pure science asks the question “What is it’ 
and seeks to answer it by some system of resear 
using a skill that involves technique and art 
plied science asks: “What can you do about 
What predictions and controls are suggested: 
and, whether a particular scientist admits it or no 
he is interested in predictions and controls, and 
some respects is influenced in his research by the: 
applied aspects of his science. Technology asks ¢! 
question “How can you do it?” which involves t 
choice of equipment, techniques, and methods 
research to be used. Art asks the question “TH 
can we acquire skill in doing it?” which invol 
the development and application of certain ski 
for carrying on specific experiments and resear 

Another scientific tradition almost universal 
accepted among scientists is the research proce: 
necessary for acquiring and testing knowleds 
We say, first, that one must begin with the forn 
lation of some problem; second, we give a ten! 
tive answer to the problem in the form of a | 
pothesis ; then we collect data to test the hypothe: 
or to formulate new hypotheses; next we class! 
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‘ompare the data; then we interpret the find- 
- and in the final step before publication we 
the conclusions by repeating the process as 
times as the researcher considers necessary 
abstantiate his conclusions. 
is doubtful, at the present stage of the develop 
t of science, whether this research process, as 
neral policy, can be lunproved upon. Yet there 
be some question as to the ways individual 
entists utilize methods and techniques in carry 


fing on their research. Here is another source of 
nflict that is basically methodological. 
The personal aspects of methodological con- 


co 


iflicts in science are generally linked with convic- 


t 


tions regarding scientific dogmas. I have selected 


ul 


five commonly accepted dogmas which tend to pro- 
mote conflict : 


1. The scientist separates his subjective preferences, emo- 
tions, and desires from the logical, universal elements in 

his thought and works completely objectively. 

Scientific research is divorced from all types of biases, 

value judgments, and preconceptions. 

Science employs universally valid and understandable 


bo 


Ww 


symbols. 

Quantitative symbols and language are 
whereas qualitative language and descriptions are vague 
and pseudoscientific, if not unscientific. 

The subjectivity of qualitative descriptions can be ob- 
jectified by transferring qualitative language into statis- 
tical and quantitative formulas and symbols. 


scientific, 


> 


wn 


O:her personal aspects of methodological con- 
flicts grow out of research methods and techniques 
employed by individual students. This is particu- 
larly true of observation techniques, the goals of 
research, the methods of logic employed, and the 
adaptation of quantitative techniques to the classi- 
fication and comparison of data. Individual choices 
must be made constantly in each of these areas of 
research; hence, research tends to become per- 
sonalized with each choice. But there is always the 
possibility that another person, with a different 
point of view or a different background, might 
make different choices. This personalized aspect of 
research not only leads to conclusions that often 
conflict where two or more individuals are study- 
ing the same problem, but it also makes for meth- 
odological conflicts as well. 

Scientists are fairly well stratified into groups in 
terms of their acceptance or rejection of certain 
traditions, dogmas, and fads of science. Such strati- 
fication is often stimulating, but it is likely to pro- 
duce numerous methodological conflicts. For ex- 
ample, there are those scientists who stand by sci- 
entific traditions as opposed to those who feel that 
problems of values and ends should and do come 
within the scope of scientific methods. Likewise. 
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there are those who feel that there is essentially 


no ditference between the methods of the physical 
as contrasted with th 


and social sc1ences, se who 


to draw lines of methodological di 


~ 


forcefully seek 
tinction between the two 
In every case, the conflicting positions are es 
sentially methodological, and they grow out of th 
individual scientists to sci 


att! 
tudes and goals that the respective scientists hold 


for themselves or for fellow-scientists, on the other 


personal reactions of 


entific tradition, on the one hand, and to the 


Our most important task at present is to develop 
a cooperative spirit while coordinating the efforts 
of all individual scientists and ali groups of scien 
tists, 

The physical sciences have demonstrated their 
capacity in such a manner that they are revolution 
izing surgical, medical, and related practices. They 
have gained the respect of a greater part of the 
civilized world. For the most part, the social sci 
ences have not gained this type of respect. Prin 
ciples and laws of human relations, as developed 
by the social sciences, have not been accepted with 
the authority many of us feel they deserve. 

We have reached a point in the development of 
scientific thought and research, and in the develop- 
ment of civilization as well, when both social and 
physical scientists must reconsider their roles in 
the life of man. The scientific age in which we live 
would seem to preclude drastic competition and 
conflict between the sciences as well as the com- 
plete autonomy of any science, or any group of 
sciences. But since the competition and conflict 
now existing among scientists rest so largely upon 
the problems of methodology, the immediate task 
before us is that of developing a uniform methodo- 
logical outlook that is at once critical and con- 
structive. This would tend to weaken the forces 
that are causing some lags in our scientific knowl- 
edge, while reducing the conflicts within the sci- 
entific realm itself. When this has been accom- 
plished then the physical and social sciences can 
move toward reducing those external forces such 
as establish intolerance, institutionalized suppres- 
sion, and selfish interests of all types, which too 
often impede scientific progress by producing con- 
fusion, strife, and conflicts among individuals, 
groups, and nations. 

I do not mean by this that science can save the 
world or solve all its problems, but it will be able 
to contribute more in this regard through coopera 
tive scientific effort than it is now able to do with 
scientists often working at cross-purposes or in 
actual conflict with one another. But not all our 








methodological conflicts need be resolved before 

cooperation begins. 

One cooperative effort urgently needed is that 
of organizing the research of social scientists in 
such a manner that we can bring together, in a 
well-planned, systematic, and synthetic summary, 
the contributions social scientists have admittedly 
made in the fields of community planning, juvenile 
delinquency, housing, marriage and family life, in- 
ternational relations, education, sanitation, health, 
and the like. Such a venture would not only help 
the teachers of social science by placing in their 
hands valuable teaching aids, but it would also 
stimulate the application of certain fundamental 
social principles and laws, which need social sanc- 
tion in the same sense in which certain discoveries 
in the physical sciences have been applied in solv- 
ing individual and social problems. 

Teamwork is especially needed in the develop- 
ment of original research in the social sciences. 
There are at least five ways in which cooperative 
research may be promoted at present : 

Coordination in planning research. This involves pooling 
research interests and making them known through pub- 
lication of research projects in process. This is already 
being done by various professional societies. But the 
planning should go beyond this and designate those stu- 
dents who are available for collaboration in given fields. 

Cooperative conferences in promoting research. This would 
involve bringing together students from a_ particular 
locality or those with common research interests to dis- 
cuss and plan research programs and methods and to 
allocate the work agreed upon by those participating in 
the project. 

Cooperative utilization of resources and skills. Short in- 
stitutes might be held for specific types of research train- 
ing after a project is begun. These institutes would re- 
semble the so-called workshop training courses, where 
all individuals exchange information and discuss various 
types of skills and samplings of research already in prog- 
ress. They might also lead to cooperative use of research 
equipment and trained technicians. 

Teamwork in the execution of research. More comprehen- 
sive studies might be made by following the symposium 


technique of farming out different aspects of a qu 
to specialists, or by parallel studies of the same pr 
by different students in different localities using the 
hypotheses and the same methods and techniques 
search, or simply by joint participation in a limite: 
or in a specific locality. 

Cooperative dissemination of facts and informatio) 
though this type of cooperation does not fall st 
within the area of scientific research, it is of utmos 
portance. It involves every sort of educational skill, 
the most technical and academic type of report an 
ture to the most popular type of writing and spe: 
The dissemination of facts should be directed t 
groups and classes of people. 


The social sciences have a long way to go ii 1! 
fruit of those who labor in the field is to influe: 
public opinion in ways that will benefit all me: 
bers of society. There are numerous difficulties 
overcome before the work of social scientists is a 
cepted on the same footing as the findings of mai 
of our physical scientists are already accepted. | 
gap between the two fields of science must be mad: 
narrower, and it appears that nothing short of « 
operative research will give the social sciences tly 
status they need to deal constructively with toda 


; 
] 


problems. Long before this goal can be realized, 
united front among scientists must be develop: 
Teamwork, and teamwork alone, will eliminat 
many of the methodological conflicts between soci 
scientists and lessen the controversies that 1 
prevail between physical and social scientists. 
Science has never been faced with a greater chia 


lenge than it has today. But science cannot meet 


this challenge uniess we, as individual scientist: 
join hands with our colleagues and work diligent 
in an effort to resolve personal disagreements a1 
controversies and strive to promote a spirit 
tolerance, understanding, and cooperation. This 1: 
our challenge ; let us continue to face it! 

MELvIN J. WILLIAMS 
Department of Sociology 
Florida State University 


Hg'** AS A WAVE-LENGTH STANDARD 


HE alchemist’s dream of transmutation has 
Fiona true, and, following the well-known rule 
that dreams go by contraries, the transmutation is 
not as he hoped, from base to noble, but from noble 
gold to base mercury. As an accomplishment of 
theoretical science, the new mercury in the form of 
a pure isotope is important, but some of this mer- 
cury in electrodeless lamps made by Dr. William 
F. Meggers, of the Bureau of Standards, may soon 
have a profound effect on our statistical data on 
wave lengths and thus be of immediate practical 
use. To understand some of the implications, it will 
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be useful to recall part of the history of the a 
curate measurement of wave length, and how thi 
hidden complexity of some seemingly simple spe 
trum lines has presented real barriers to progres: 
When Michelson made his famous count 
the number of wave lengths of the cadmium r 
line in one meter, he was under a severe handicaj 
that was not fully understood until the existenc 
of isotopes was discovered. Michelson, and others 
were aware that different lines acted different! 
when used in his interferometer. Some would give 
fairly sharp patterns for short separations of th 
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rrors, but at increased separations the concentric 
ngs of light merged together so that they could 
longer be observed and accurately counted 
er lines gave slightly better results, and cad- 
im 6438 was finally selected as being best suited 
more accurately, as least defective. Later, 
en the Fabry-Perot interferometer had been de 


1 


loped, the superior brightness and definition « 
e rings made wave-length measurements easier 
d more accurate. But no spectroscc ypist is ever 
satisied with the last digit in a wave length, and 
seems there must always be a last digit to annoy 
im. As the last digit moves to the right, however, 
becomes less and less annoying, though not 
necessarily less important. 

[he green line of mercury, 5461A, on first in 
spection looks like a single sharply defined line, 
well separated from its spectrum neighbors, and 
lying in the middle of the visible spectrum where 
the luminosity is high. It is thus ideal in all respects 
except one—it is really not a single line. The 
Fabry-Perot interferometer is an excellent detector 
for discovering the fine structure of spectrum lines, 
and this very resolving power interfered with the 
measurement of precise wave length. The develop- 
ment of the theory of isotopes helped explain the 
character of 5461 by pointing out that the 10 iso- 
topes of mercury would give 10 lines grouped near 
5461 and that the accurate designation of the true 
center of the group was practically impossible. The 
red line of cadmium also has a fine structure of 
about 12 lines, and it is only by coincidence that 
the arrangement makes the whole group better 
suited for precision wave-length measurement. 

The answer to this difficulty would be an ideal 


aod 


a, 
a 


source that 1s composed ola single Isotope givilg 
a complete spectrum of truly single lines. Meggers 


has constructed lamps containing a single isotope 


of mercury, Hg'®*, and he now has available a spec 
herent 


Huis 


Q4 


> Ee 
trum Of some 39 lines each superiol 1! 


sharpness to anything previously obtainable 


abstract of the paper presented to the March 1] ‘a 


meeting of the Optical Society of America reads 
Electrodeless lamps containing five milligrams of He 

and five millimeters on a mercury pressure gage of argon 

excited by 100-megacycle frequency are found to be 


highly satisfactory sources of € xceeding|ly shar] spectral 
lines. Employing Fabry-Perot interferometers and prism 
spectrographs, preliminary values of the wavelengths of 


tl three lines (2537A to 6907A) have been determined 


relative to the red radiation from cadmium simultaneously 


urty 


by imaging one lamp in the other. Interference patterns of 


the stronger Hg lines can be photographed in less than one 
second. Etalons* of 5, 25, 40, 50, 


been used thus far. The probable errors of thes« 


and 67 millimeters have 
prelimi 
nary wavelengths emitted by mercury 198 range from one 
part in twenty millions to one part in one hundred millions 
The 


by measuring them in vacuum 


relative values of these wavelengths will be refined 


The attainment of this ideal radiator will prob 
of our entire literature ot 
f the 


hel 


ably lead to a resurvey 


wave lengths, and perhaps a redefinition « 
length of the meter, probably in terms of the 1 
cury line 5461 that has in times past been so dis 
appointing to physicists. 
FRANK BENFORD 

General kl ( tric Ri sear’ h Laborato \ 
Schenectady, New York 

* Etalons. A pair of mirrors permanently spaced a known 
number (g) of wave lengths apart. By moving the etalons 
through their own length, the wave lengths can be counted 
in groups of g, thus greatly the irk of 
counting. 
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Emanuel Swedenborg, Scientist and Mystic. Signe 
Toksvig. 389 pp. $5.00. Yale Univ. Press. New 
Haven, Conn. 


HE strange and fascinating career of Emanuel 

Swedenborg (1688-1772) continues to baffle 
both the scientist and the theologian. He was one of 
those “universal” scholars that adorned earlier 
centuries. He knew astronomy, physics, chemistry, 
physiology, psychology, anatomy, mathematics, 
Latin, Greek, and Hebrew. He was a mineralogist, 
a builder of bridges and canals, an authority on 
mines and metals, a mechanical genius, a poet, a 
member of Parliament, a writer on good govern- 
ment and finance, and he traveled extensively 
throughout Western Europe. Some of his conclu- 
sions, such as the definition of matter as motion, 
his researches into the nature of blood, heart, 
brain, and the nervous system, and his delving 
into the realm of the subconscious mind, anticipated 
some of the achievements of present-day scientists 
and still have value. 

Fortunately, or unfortunately, depending on 
one’s interest in mysticism, Swedenborg’s mind was 
not satisfied until it invaded that unseen world 
whose realities are not measurable by the instru- 
ments of science. He knew that “there are marvel- 
lous things occurring in the human mind, so mar- 
vellous indeed that they cannot be expressed,” and 
he could not let his mind alone. He craved order 
and a realm of law in both the physical and the 
spiritual world, and he wanted to reconcile religion 
with reason and science, without offending either. 
Whether he succeeded, or went off the deep end, 
is still a matter of debate. 

Swedenborg was engaged in a great quest for the 
soul, the formative force which causes the body, 
the immaterial which builds the material. He be- 
lieved in a God who was the source of all living 
matter, and in his “mission” to cleanse all existing 
religions and introduce the new religion of the 
New Jerusalem based on a gospel dictated by the 
angels themselves. He entered the realm of mysti- 
cism by techniques not unlike those of Yogi ; he had 
“God-intoxicated” dreams and visions, saw the 
divine flame of the mystic, and finally had the 
afterworld opened to him to such an extent that his 
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BOOK REVIEWS 


UNDERSTANDING SCIENCE THROUGH ITS HISTORY 


spirit could commute freely among the planets a: 
interview the characters of history from the Apos 
tles to Newton and Louis XIV. As a result, 
could describe heaven and hell in minute detail 
Swedenborg’s literary productivity was « 
mous and phenomenal. Most of his volumes ci 
with his fantastic excursions into religious myst 
cism, and some are marked by the strangest 
bolism and revelations. As a scientist he heay 
“chunks of science” “into mystic joy.” Many pe 
ple have tried to find rational explanations for thi 
dual personality. Some have talked about the sey 
suppression of an oversexed man; others have sug 
gested paranoia and schizophrenia; still other 
have made comparisons with the telepathy 


precognition of modern psychical research. The | 


enigma and the strange duality of this exceptio 
person remain. Some of his writings are “scholast 
sawdust” and incredible fantasy; others reveal 
rich beauty and ethical content, and shrewd scie: 
tific observation on an amazing number of natu 
phenomena and human experiences. 

One cannot do justice to so complex a charact 
and so learned a biography in so short a revie\ 
If the great Swede remains an incomprehens! 
figure to this reviewer, who is neither a scientist 
a mystic, the fault is not the author’s, for she has 
done a prodigious amount of research, has strug 
gled sincerely, sympathetically, and with scienti! 
objectivity with Swedenborg’s many-sided career 
and his “revelations” and “systems,” and she | 
produced the best analysis available. 

Cart W! 
The College of Arts and Sciences 
Oberlin College 


The Beginnings of Modern Science. Holmes Boy: 
ton, Ed. xv + 634 pp. $2.39. Classics Club. Ni 


York. 

HE book under review, although a scient 
vices book, differs from other publications 
this character in that the latter are usually intend 
as reference books for the scientific specialis 
whereas this volume is planned to give the gener 
reader with an interest in the subject a better under 
standing of modern science. It contains writings 


THE SCIENTIFIC Mon 








th 
ce 
gt 
p! 
re 
sti 
in 
es 
#\ 
pla’ 
arti: 
rea 
re a) 
br: 


= 


0h 
A 
dud 
Star 
Den. 
Prin 
Frat 
men 
Galv 
Bhi 

Diss 
ih 1 
of | 
Trec 
whol 
done 
dass 


‘ 


Was 


Chri 
















30yn- 
Nei 





of. 





y, biology, medicine, and scientific philoso- 
In each division the plan has been to choose 
rts on related topics in order to show step by 
the growth of thought in each subject and the 
rovement of experimental technique. Each di- 

on of this book is prefaced by an introduction 
ng a brief summary of its contents, and ex- 

t iatory footnotes are given where the original 

Tec 


th 
| 
pl 
re 
st: 
ip: 
r 


le might be difficult for a modern general 
to understand. The original articles, of 
yurse, have been in some cases considerably ab- 
oo but this has been done without disturb- 
ibg the logic of the writing. This plan makes the 
book as a whole quite easy reading. 
} As an example of the articles contained in this 
boo kk, the section entitled Matter and Motion in- 
dudes, among others, Tycho Brahe’s On a New 
Star, C Cavendish’s Experiments to Determine the 
Density of the Earth, and extracts from Newton’s 
Principia. In the section on Electricity we find 
Franklin’s description of his famous kite experi- 
fhent, and The Discovery of Current Electricity, by 
Galvani. The section How Plants Grow includes 
Phe Breathing of Plants, by Ingenhousz, and A 
Dissertation on the Sexes of Plants, by Linnaeus. 
In The Science of Healing we find The [nvention 
@f |’accination, by Jenner, and The Prevention and 
Treatment of Scurvy, by Captain Cook. On the 
Whole, the selection of the articles has been well 
done, and the book can be recommended to the 
ass of readers for which it was intended. 
: Paut R. HeyYt 
Washington, ae 
: 


Bristion Huyge ns and the Development of Sci- 
Bence in the Seventeenth Century, A. E. Bell. 
+220 pp. Illus. $4.50. Longmans, Green. New 
» York. Edward Arnold. London. 


N THIS, the American edition of a book first 
published in London in 1947, the author, who is 
tad of the Science Department at Clifton College, 
fives an interesting account of the life and scientific 
snificance of that great seventeenth-century gen- 
Christian Huygens. The book is appropri- 
ely divided into two parts, the first being more 
the nature of a biography of Huygens, and the 
‘ond dealing with a more detailed description of 
iis most important contributions to knowledge. 
= ln the opening sentence of the Preface the author 
scribes Huygens as one of the greatest scientific 
niuses of all time and then proceeds to substan- 
te this statement by enumerating Huygens’ ac- 
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xteenth, seventeenth, and eighteenth centuries, 
ing the general subjects of physics, chemistry, 


complishments : he “transformed the telescope from 
being a toy into a powerful instrument of investi 
gation; he is “rightly regarded as the founder 
of the wave theory of light and thus of physical 
dynamics of 
the pendulum and the 


the the 


optics; he founded the systems, 
cleared up the subject of 
and 
satellite of 

In reading this absorbing account of Huygens’ 
life one cannot help but gain the conviction that it 
was this very versatility that prevented Huygens 
from reaching the heights that Newton did, though 
the same versatility formed the basis for the wide 


discovered rings and 


Saturn. 


tautochrone, 
brightest 


acclaim accorded him by his contemporaries. Origi- 
nally steeped Cartesian philosophy—Descartes 
was an occasional visitor in the home of his father— 
Huygens gradually emancipated himself from that 
point of view to such an extent that in his later 
years his position and his accomplishments were 
much abused by the then remaining proponents of 
Descartes in Paris. 

Huygens’ eminence naturally led to his attaining 
a guiding, and even commanding, position in the 
Académie Royale founded by 
XIV (at the instigation of Colbert) in 1666. Read- 
ing of the difficulties encountered in its establish- 
ment reminds us only vividly of the very 
similar birth pangs attending the establishment 
(we hope) of the National Science Foundation in 
our own day. 

How 


des Sciences, Louis 


too 


instrumental in having 
finite light 
accepted over Cassini’s opposition ; how he was ob- 


Huygens was 


Roemer’s discovery of the velocity of 
viously familiar with and used what are now known 
as Newton’s first and second laws of motion ; 
he observed the rotation of the planet Mars, but, 
with characteristic caution and distrust the ac 
curacy of his own observations, delayed publication 
regardless of Da Vinci’s and Galileo's 
earlier work, it was Huygens who made the pen 
dulum clock into a practical reality—all these things 
in need of being reminded of, 
of his great accomplishments it is “the accidents of 
history” 


how 


of it: how, 


we are for in spite 
which, as the author shows, are responsible 
for Huygens’ not having attained a stature equal to 
that of Galileo and Newton. 

The second half of the book goes into consider- 
able detail on Huygens’ dealing 
especially with the pendulum clock and his wave 
theory of light and concluding with an evaluation of 
Huygens’ place in the history of science. Appro- 
priately, the clue to his own conception of scientific 
research is presented in his own words: the diffi- 
culties in the problems cannot be overcome “except 


scientific work, 


by starting from experiments and then by conceiy 
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ing certain hypotheses’—which would still be 

sound advice to any prospective scientist today. 
W. J. Luyten 

Department of Astronomy 

University of Minnesota 

Minneapolis 


The Growth of Physical Science. Sir James Jeans. 
x + 364 pp. $4.00. Cambridge, at the University 
Press. Macmillan. New York. 


ARALLELING the growth of physical science 

itself, this leisurely through 
ancient and medieval times, then with increasing 
tempo arrives in the twentieth century with the 
same “breakneck speed” with which the author 
characterizes today’s motion of “our material civil- 
ization.” 

This increasing tempo results obviously from 
the confinement of the total story within the covers 
of a single book. But the latter pages could perhaps 
have been put to a more useful purpose had the 
author granted the difficulty of an adequate cover- 
age of the growth of modern physical science, and 
instead, with a few examples, sought to present 
the same perspective in modern times which he 
achieves so well in his portrayal of the growth of 
physical science in Greece, Alexandria, and even 
during the Dark Ages. 

The continuous impact of this early history is 
seen forcing science from one center of learning to 
another and eventually into hiding. The tolerance 
of the Romans allows the University of Alexandria 
to flourish, but later the University declines as 
Christianity “must have provided a powerful deter- 
rent to the scientific spirit of free inquiry.” Some 
of its scholars migrate to Byzantium before its final 
end when the Mohammedans conquer Alexandria. 

Later, physical science is seen taking root in 
Western Europe, but we learn nothing of the 
manner in which it subsequently spans the Atlantic. 
The slowness of America to achieve a significant 
role in the growth of physical science, as well as 
the migration of European scientists to America 
during the past few decades, receives no such 
analysis as do the early meanderings of science 
about the Eastern Mediterranean. 

At the outset, Jeans states that he hopes “to 
trace out the steps by which it [physical science | 
has attained to its present power and importance,” 
but nowhere does he mention the mutual invasion 
of the practical arts and physical science which has 
occurred during the past century. He does refer 
occasionally to practical contributions to science, 
such as the invention of printing and of the telescope. 


book moves 
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He may be right when he notes some of th 
ings of Francis Bacon and goes on to s 
seventeenth-century science “no doubt lost 
through this shifting of the emphasis from 
edge for its own sake to knowledge for 
sake.” But surely modern technology has 
sufficiently important role in the attainm 
physical science “to its present power and 
tance” to at least deserve mention. 

The book is intended for the educated |: 
but even for those readers well acquainte 
present-day high-school mathematics, it 
always light reading. The thinking of many 
great minds in the growth of mathematics, p! 
chemistry, and astronomy is clearly describe 
author obviously delights in presenting the r 
with some of the mathematical problems sol 
Euclid, Leonardo, and others, but the reader 
never left in doubt, for the solutions are 
provided. 

PHILIP N, Poy 
U.S. Atomic Energy Commission 
Washington, D.C. 


The Green World of the Naturalists. Victor \\ 
gang von Hagen, Ed. xix + 392 pp. $5.00. Gr 


berg. New York. 


ONSIDERING the extent of the literat 
oo on the natural history of South America, | 
von Hagen has chosen wisely for his splendid 
thology. The selections, arranged in chronolog 
order and carefully annotated, cover the cont 
from Panama to Tierra del Fuego, from Braz 
the Galapagos. The subjects include trees, plai 
fruits, animals, insects, birds, reptiles, fish, 
even geology and anthropology. 

The early reports of the world behind the “G 
Curtain” are enchanting for the archaic spelling @ 
quaint expressions, and equally so for the amazing 
acute—although not always accurate—obser 
tions. Pietro Martire d’Anghiera opens thx 
with his fifteenth-century Of the Supposed | 
tinent. Next comes Gonzalo Fernandez de O\ 

y Valdés with a wondrous description of 
(eaters) bears extracting termites from a nest 
“suche hardeness that it may seeme a stronge | 
ment.” Then José de Acosta ponders—close 1 
later-developed theory of evolution—“how it sho" | 
be possible that at the Indies there should be «| 
sortes of beasts, whereof the like are no where e!* | 

Exactly as it was impossible to include all 
great ones in this book, so it is difficult her: 
more than hint at the contents. There is Felix 
Azara’s remarkable story of the wild horses o/! 
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ntine and his eighteenth-century interest in 
tics. You will find Charles Robert Darwin's 
unt of the inhabitants of Tierra del Fuego in 
832. Alcide Dessalines D’Orbigny writes the beau- 
Filly poetic story of his travels. There is Henry 
Valter Bates for army ants, ants, and termites; 


Richard Spruce for rubber collecting and fabricat- 


Goe; Edward Whymper with a marvelous ascent 
bi the towering mountains of Ecuador; William 
lenry Hudson in Patagonia; William Beebe on 
‘alling Leaves; and H. M. Tomlinson in the “in- 
nite, lofty” jungle. You would expect a fine article 
n birds from Frank M. Chapman; there is, too, 
is Making of a Cayuco. The latter part of the 


yok is rich in fact, not only in natural science 


ut also in literary merit. Thus, the final selection, 
van T. Sanderson’s story of monkeys, grison, 
ppossum, and jaguar, is superb. The book as a 
whole is an interesting—even thrilling—addition 
to any library. 





MaryorigE B. SNYDER 
J ashington, D.C. 
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¥ . . . rr * 
Whe Royal Society: Newton Tercentenary Celebra- 


tions. xv +92 pp. $3.00. Macmillan. New York. 


oe no name in the chronicles of sci- 


ence is more universally recognized than that 





gf Sir Isaac Newton, born at Woolsthorpe in 1642. 


His many contributions to mathematics, mechanics, 


and optics are probably overshadowed in the public 
guind by his outstanding discovery of the universal 
Maw of gravitation. 


It is eminently fitting that the three-hundredth 


anniversary of the birth of this genius should have 


een celebrated in London and Cambridge. Post- 
oned because of the war, the Tercentenary Cele- 
rations actually occurred in July 1946, The vol- 
ume is published under the auspices of the Royal 
society of London, at whose invitation the national 
academies of science of the world joined in paying 
1omage to Newton’s memory. 


In less than one hundred pages there are con- 
tained the program of the celebrations and the fol- 
Address of Welcome to the 
Delegates, by the President of the Royal Society ; 
Newton, by Professor E. N. da C. Andrade; 
Address of Welcome to the | delegates, by the Maste1 
of Trinity (Dr. G. M. Trevelyan) ; Newton, the 
Man, by the late Lord ‘Xeynes (read from Lord 
Newton 
and the Infinitesimal Calculus, by Professor ] 
Newton and the Atomic Theory, by 
Academician S. 1. Vavilov (read on behalf of the 
author by Sir Henry Dale) ; Newton's Principles 
and Modern Atomic Mechanics, by Professor N 
S3ohr; Newton: the Algebraist and Geometer, by 
Protessor H. W. Turnbull; Newton's Contribu 
tions to Observational Astronomy, by Dr. W 
Adams; and Newton and Fluid Mechanics, by 
Professor J. C. Hunsaker. 

Throughout, one is reminded of the human 


lowing addresses: 


Keynes’ ms. by Mr. Geoffrey Keynes) ; 


Hadamard ; 


traits of an individual who was at once a scientist 
and a man of affairs. It is a bit surprising to those 
less well acquainted with Newtonian literature to 
find that so many of his outstanding attainments 
represented so small a proportion of his lifetime 
career. 

It is gratifying to note that the Royal Society 
has taken steps toward the establishment of an 
Isaac Newton Observatory to contain a 100-inch 
reflecting telescope that, it is hoped, will be granted 
by H. M. Government and that will be made 
accessible to the personnel of university observa 
tories for the purpose of astronomical investiga- 
tions, to which Sir Isaac Newton so significantly 
contributed. 

The book contains six illustrations and is an 
important contribution to the history and bibliog 


raphy of science. 


wed bia pee 
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HARLAN T. STETSON 
Cosmic Terrestrial Research Laboratory 
Massachusetts Institute of Technoloqy 
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AFTERNOON ACTIVITIES 


AN unusual feature of the Centennial Celebra- 
tion in September will be the opportunity to see 
“One World of Science” as it is illustrated in ac- 
tion in the nation’s capital. The government of the 
United States has a tremendous investment in sci- 
entific research, and, although a major part of it 
is carried on elsewhere, it is only in Washington 
and its vicinity that examples of nearly every type 
may be found. 

More than forty institutions are cooperating in 
arranging local functions, and they will be hosts 
to the visiting scientists. These institutions include 
American University, George Washington Univer- 
sity, Georgetown University, Howard University, 
and the University of Maryland; societies affiliated 
with the AAAS who have headquarters in or near 
Washington: Academy of World Economics, 
American Association of Economic Entomologists, 
American Chemical Society, American Home Eco- 
nomics Association, American Pharmaceutical As- 
sociation, American Psychological Association, 
American Statistical Association, Metric Associa- 
tion, National Association of Science Writers, Na- 
tional Education Association, Society of American 
Foresters, and Society of Rheology ; governmental 
organizations: Bureau of Agricultural Economics, 
Bureau of Animal Industry, Bureau of Entomol- 
ogy and Plant Quarantine, Forest Service, U. S. 
Coast and Geodetic Survey, Weather Bureau, Na- 
tional Bureau of Standards, Bureau of Mines, Fish 
and Wildlife Service, Food and Drug Administra- 
tion, National Institute of Health, U. S. Office of 
Education, U. S. Public Health Service, David 
Taylor Model Basin, National Naval Medical Cen- 
ter, Naval Ordnance Laboratory, Naval Research 
Laboratory, National Academy of Sciences, Office 
of Naval Research, U. S. Naval Observatory, Na- 
tional War College, Library of Congress, and 
Smithsonian Institution; also, Carnegie Institu- 
tion of Washington and the National Society of 
the Daughters of the American Revolution. 

For relaxation, those attending the Celebration 
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will have an opportunity to make unscheduled trip 
to the many art galleries, libraries, museunis, a 
historic monuments located in Washington, . 
guide to these and a map of the city of Washingte 
will be provided at the time of registration. Si 
been scheduled for Mondg 
nber 13, those arriving in Wash 
ivail themselves of this oppor. 


no activities have 
afternoon, Sept 

ington early may 
tunity to study the superb cultural displays sity. 


ated along the Mall. The opening session, i 
Constitution Hall, will not begin until 8: 30 px 
Special tours of institutions engaging in scientifi 
research are being planned for the afternoons ¢ 
Tuesday, Wednesday, and Thursday, September 
14-16. The National Institute of Health, Agr: 
cultural Research Center at Beltsville, Nationa 
Naval Medi nter, National Bureau of Stané: 
ards, and many cibers will welcome visiting scien: 
tists and their families, and conduct them on inspec. 
tion trips through laboratories housing demonstra 
tions that feature current research programs 
Those who wish to participate in these tours maj 
make their reservations at the time of registratior 
A schedule of trips to institutions will be publishe’ 
in the forthcoming announcement of the meeting 
soon to be mailed to members of the Association 
There will be much to attract specialists w! 
may desire to see advancements in their own fields 
of science, but the important purpose of the after: 
noon activities will be to enlarge the horizons of al 
who participate in the Centennial Celebration, t 
bring together educators, research workers, an 
others interested in advancing human welfare. 
As chairman of the Afternoon Activities Con 
mittee, it gives me great pleasure to invite the 
members of the Association and the members 6 
its affiliated societies to join in the commemoration 
of the founding of the AAAS, and to extend t 
them a cordial invitation to visit the great scientific 
and cultural institutions in and about Washington 
RAYMUND L, Zwenek 
Executive Secretary, National Academy of 
Sciences, and Chairman, Afternoon 
Activities Committee, AAAS 


THE ScIENTIFIC MONTH! 





